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LOADS AND AEROELASTICITY DIVISION
RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR FY 1982
AND PLANS FOR FY 1983

SUMMARY

The purpose of this paper is to present the lLoads and Aeroelasticity
Division's research accomplishments for FY 82 and research plans for FY 83.
The work under each branch (technical area) will be described in terms of
highlights of accomplishments during the past year and highlights of plans for
the current year as they relate to five year plans and the objectives for each
technical area. This information will be useful in program coordination with
other government organizations and industry in areas of mutual interest.

ORGANIZATION

The Lengley Research Cer.er is organized by directorates as shown on
figure 1. The top three perform support functions and the bottom four conduct
the research program., A directorate is organized into divisions as illustra-
ted on the figure for the Structures Directorate.

The Loads and Aeroelasticity Division (LAD) consists of four branches as
shown on figure 2. This fiqure lists the key people in the division which
consists of 70 NASA civil servants and five members of the Army Structures
Laboratory (of the Army Aviation Research and Development Command) located at
the Langley Research Center. FEach branch represents a technical area and
disciplines under the technical areas are also shown, All cf the Army person-
nel work on the discipline Rotorcraft Aercelasticity.

The division conducts analytical and experimental research in the four
technical areas to meet technology requirements for advanced aerospace vehic-
les. The research focuses on the long range thrusts shown in figure 3 with
the LAD having lead responsibility in the first three. The Unsteady Aerody-
namics Branch (UAB), Configuration Aeroelasticity Branch (CAB), and Muitidis-
ciplinary Analysis and Optimization Branch (MAOB) all work in the area of
Control of Aeroelastic Stability and Response. The MAOB also works the area
of Computerized Analysis and Synthesis. The Aerothermal Loads Branch (ALB)
works the area of TPS for Advanced STS and performs most of the research in
the last three thrusts which the LAD supports.

FACILITIES

The Loads and Aeroelasticity Division has two major facilities available
to support its research as shown in figure 4.

The Transonic Dynamics Tunnel ‘TDT) is a M 0.2 to 1.2 continuous flow
variable pressure wind tunnel with a 16 ft., square test section which uses &
freon-12 test medium primarily for dynamic aeroelastic testing. The tunnel
operates at dyramic pressures up to 25 psi and Reynolds numbers up to
8 x 106/ft. This unique facility is used primarily by the Configuration Aero-
elasticity Rranch using side-wall mounted models and cable-mounted models



(figure 4) of conventional type aircraft. On occasions, the ARES (Aerocelastic
Rotor Experimental System) test stand is used in the tunnel to study the aero-
elastic effects on rotors. A Hover Facility, located in B-647, is used to
set-up the ARES test stand in preparation for entry into the TDT. - A modern-
tzation of the TDT Data Acquisition System is underway along with a major CofF
activity for dansity increase. Replacement cost for this facility is $57M.

The Aerothermal Loads Complex consists of six facilities which are used
solely by the Aerothermal Loads Branch to carry out their research., The
8-Foot High Temperature Tunnel (8' HIT) is a unique hypersonic Mach 7 blowdown
wind tunnel with an 8' diameter test section (usable test core of 4') that
uses products of combustion (methane and air under pressure) as the test
medium. The tunnel operates at dynamic pressures of 2 to 12 psi, temperatures
of 2000 to 30008°F and Reynolds numbers of 0.3 to 3.0 x 10° /ft. The tunnel is
used to test flat and curved surface type models to determine aerothermal
effects and to evaluate new concepts for Thermal Protection Systems (TPS). A
major Coff item is being proposed to provide alternate Mach number cababi]ity
and to provide Oy enrichment for the test medium, This is be1ng done primar-
ily to allow the tunnel to test models that have hypersonwc air breath1ng pro-
pulsion applications. Replacement cost for the tunnel is $41M,

The 7-Inch High Temperature Tunnel (7" HTT) is a 1/12 scale of the 8' HTT
with basically the same capabilities as the larger tunnel., "It is used primar-
ily for blockage studies for models being placed in the 8' and also it is used
to aid in the design of larger models., The cost of models is greatly reduced
by trying out scaled models in the small tunnel. The 8' could deamage very
expensive models if certain system checks and tunnel operating conditions had
not been defined first using this facility, The 7" HTT is currently being
worked to upgrade its control system and to also provide 0Op enrichment s7 its
capability can stay current with the 8' HIT, This will also aid in the devel-~
gpment of the 8' HiT G» enrichment system. Replacement cost for the tuinel is

0.8M

The 1 x 3 High Enthalpy Aerothermal Tunnel (1 x 3 HEAT) is a unique
facility designed to provide realistic envircnments and times for testing
thermal protection systems proposed for use on high-speed vehicles such as the
Space Shuttle, The facility is a hypersonic blowdown wind tunnel that uses
products of combustion as the test medium, Test panels mounted on the
sidewalls can be as large as 2' high x 3' long. The facility operates at
dynamic pressures of 1 to 10 psi, Mach numbers from 4.7 to 3.5 depending on
the temperatures, temperatures from ambient to 5800°F, an altitude range
simulating flight of 130,000 to 80,000 ft., and Enthalpy levels from 1100 to
4400 BTU/1b depending on the oxygen levels used in the test medium. Replace-
ment cost for the tunnel is $8M.

The three Aerothermal Arc Tunnels (20 MW, 5 MW and 1 MW) are used to test
models in an environment that simulates the flight reentry envelope for high
speed vehicles such as the Space Shuttle. The amount of usable energy to the
test medium in these facilities is 9 MW, 2 MW, and 1/2 MW, The 5 M{ is a
three phase AC arc heater while the 20 M4 and 1 MW are DC arc heaters. Test
conditions such as temperature, flow rate, and enthalpy vary greatly since a
variety of nozzles and throats are available and since model sizes are differ-
ent (3" diameter to 1' x 2' panels). The AAT has a CofF activity proposed to
increase the steam supply line capacity. Replacement cost for these arc
tunnels are $2:M,



FY 82 ACCOMPLISHMENTS

Aerothermal Loads Branch

The Aerothermal Loads Branch conducts research (figure 5) to develop and
validate solution algorithms, modeling techniques, and integrated elements for
thermal-structural analysis and design; to identify and understand flow phe-
nomena and flow/surface interaction parameters required to define detailed
aerothermal loads for structural design via analysis and test; and to verify
practical and durable thermal protection system concepts for space transpor-
tation systems via analysis, laboratory, and wind tunnel tests. This work is
more clearly identified in figure 6 which shows the five year plan of the four
disciplines and their expected results. The numbers refer to the accomplish-
ments listed in figure 7.

The Aerothermal Loads FY 82 accomplishmants listed below are highlighted
by figures 8 through 18.

TPS Concepts:
- Second Generation Titanium Multiwall TPS Tile Successfully Fabricated
- Superalloy Honeycomb Prepackaged TPS Tile Successfully Fabricated
- LaRC tests in 20 MW AAT Certify FRC1-12 for Single Mission
- Graphite/Polyimide Panel with Direct Bond RSI Tiles Survives Simulated
Shuttle Ascent Acoustics
Thermal Loads:
- Flow Angularity effects on Tile/Gap Impingement Heating
- Heat Transfer Model Using Hew Fabrication Technique Tested in &' HYT
- Unsealed Wing-Elevon Cove Heating Characteristic at M = 6.8 for
Separated Flow on Wing

Integrated Analysis:
- New View Factor Calculation Technique More Efficient
- Analysis of Pressure and Heating Rate Distributions on a Thermally
Bowed TPS Panel

Facilities Operations and Development:
- 8' HTT Ceramic Nozzle Evaluation
- Second Minimum Nozzle Insert Yields Uniform Mach Number Reduction

Each highlight is accompanied by descriptive material.

Multidisciplinary Analysis and Optimization Branch

The Multidisciplinary Analysis and Optimization Branch conducts research
(figure 19) to develop a methodology for optimization of aircraft and
spacecraft for best performance, and to develop the technology to reduce loads
and increase the dynamic structural stability of flexible airframes by the use
of active controls; to obtain transonic loads data and validate methods for
aeroelastic design, including active control concepts, through wind tunnel and
flight tests utilizing drone aircraft; and to develop and validate thermal-
structural analysis and design methods tailored for repetitive application



in optimization under a variety of constraints and loads. This work is more
clearly identified in figure 20 which shows the five year plan of the four
disciplines and their expected results. The numbers refer to the FY 82 accom-
plishments listed in figure 21.

The Multidisciplinary Analysis and Optimization FY 82 accomplishments
listed below are highlighted by figures 22 through 25,

Active Controls:
- DAST ARW-1k FSS Performance

Design Oriented Analysis:
- Implementation of Static and Dynamic Structural Sensitivity
Calculations

Flight lLoads:
- DAST ARW-1R .-ound Vibration Test

Optimization and Applications:
- Multilevel Optimization

Each highlight is accompanied by descriptive material.

Unsteady Aerodynamics Branch

The Unsteady Aerodynamics Branch conducts research (figure 26) to pro-
duce, apply, and validate through experiments & set of znglyiical methods for
predicting steady and unsteady aerodynamic loads and aerocelastic character-
istics of flight vehicles--with emphasis on tie transonic range, This work is
more clearly identified in figure 27 which thows the five year plan of the
three disciplines and their expected results. The numbers refer to the FY 82
accomplishments listed in figure 28.

The Unsteady Aerodynamic FY 82 accomplishments 1listed below are
highlighted by figures 29 through 33.

Theory Development:
~ Improved Method for Two-Dimensional Unsteady Transonic Flow Analysis
(XTRANZL)

Aeroelastic Analysis:
- Experimental Angle-of-Attack Sensitive Flutter Studied with Modified
Strip Analysis
- Experimental and Calculated Effects of Angle-of-Attack upon Transonic
Flutter

Unsteady Pressure Measurements:
-~ Transonic Pressure Distributions Measured on a Rectangular Supercritical
Wing Oscillating in Pitch
- Unsteady Pressures Measured on a Clipped Delta Wing Provide Data for
Transonic Code Validation

Each highlight s accompanied by descriptive material.



Confiquration Aercelasticity Branch

The Configuration Aercelasticity Branch conducts research (figure 34} to
produce, apply, and validate through experiments a set of analytical methods
for predicting steady and unsteady aerodynamic loads and aercelastic charac-
teristics of rotorcraft; to determine, analytically and experimentally, effec-
tive means for predicting and reducing helicopter vibrations and to evaluate
the aeroelastic characteristics of new rotor systems; to develop the aercelas-
tic understanding and prediction capabilities needed to apply new aerodynamic
and structural concepts to future flight vehicles and to determine and solve
the aeroelastic problems of current designs; and to design, fabricate, and
flight test a pylon which will suppress wing/store flutter. This work is more
clearly identified in fiaure 35 which shows the five year plan of the three
disciplines and their expected results. The numbers refer to the FY 82 accom-
plishments listed in figure 36.

The Configuration Aercelasticity FY 82 accomplishments listed beluw are
highlighted by figures 37 through 49.

Aircraft Aeroelasticity:

- Vertical Tail of New Supersonic Cruise Fighter Airplane (F-16) shown
Free from Transonic Flutter

- New F-16L Fighter Configurations Flutter Cleared in TDT for Flight
Demonstration Tests

- F-16 Flutter Suppression Systems Evaluated in TDT Tests

- Digital Active Flutter Suppression Systems Demonstrated in TDT Tests

- An Adaptive Digital Active Flutter Suppression System DNemonstrated
in TDT Tests

- Flutter of Aercelastically Tailored Quick-Roll Wing Predictable by
Conventional Analysis

- Supercritical Airfoil Lowers Transonic Flutter Boundary of Large
Transport Wing with Engines

- Evaluation of Four Subcritical Response Methods for On-Lire Prediction
of Flutter Onset in Wind Tunnel Tests

Rotorcraft Peroelasticity:
- Parametric Tip Effects Determined for Conformable Rotor Applications
- Flight Test of Manually Operated Higher Harmonic Control System Complete
- Comprehensive Design Procedure Developed for Pendulum Vibration
Absorbers for Rotor Blades

Rotorcraft Vibrations: ~
~ A Formulation of Rotor-Airframe Coupling for Design Analysis of
Vibrations of Helicopter Airframes
- Planning, Creating, and Documenting a Finite Element Vibrations
Model of a Helicopter

Each highiight is accompanied by descriptive material.

PUBLICATIONS

The FY 82 accomplishments of the Lloads and Aeroelasticity Division
resulted in a number of publications., The publications are listed below and



are identified by the -atagories of journal publications, formal NASA reports,
conference presentations, contractor reports, and other,

Journal Publications

1. Green, W, H.; and Sobieski-Sobieszczanski, J.: Minimum Mass Sizing of a
Large Low-Aspect Ratio Airframe for Flutter-Free Performance., J. Aircraft,
Vol. 19, No. 3, Mar:h 1982.

2. Bennett, R.; and Abel, I.: Flight Flutter Test and Data Analysis
Techniques Applied to a Drone Aircraft. J. of Aircraft, Vol. 19, No. 7, July
1982.

3. Shideler, J.; Kelly, N.; Avery, D.; Blosser, M.; and Adelman, H.:
Multiwall TPS - An Emerging Concept. J. Spacecraft, Vol. 19, No. 4, July
1982.

4, Mukhopadhyay, V.; Newsom, J. R.; and Abel, l.: Reduced-Order Optimal
feedback Control Law Synthesis for Flutter Suppression. J. of Guidance,
Couatrol, and Dynamics, July 1982, '

5. Sobieski-Sobieszczanski, J.; Barthelemy, J. F.; and Riley, K. M.:
Sensitivity of Optimum Solutions of Problem Parameters, AIAA Journal, Vol.
¢y, No. 9, Sept. 1982.

Formal NASA Reports

6. Kvaternik, Raymond; and Walton, W.: A Unified TFormulation  of
Rotor-Airframe Coupling for Design Analysis of Vibrations of Helicopter
Rirframes. NASA RP-1089, June 1982.

7. HWeinztein, I.; Avery, Bon E.; and Hunt, L. Roane: Aerodynamic hrating on
the Corrugated Surface of a 10.2° Half-Angle Blunted Cone at Mach 6.7. NASA
TP-1928, December 1981.

8. VYeager, W. T. Jr.; and Mantay, Wayne R.: Wind-Turnel Investigation of the
Effects of Blade Tip Geometry on the Interaction »>f Torsional Loads and
Performance for an Articulated Helicopter Rotor. NASA TP-1926, December 1981,

9. Avery, Don E.; Shideler, John L.; and Stuckey, Robert N,: Thermal and
Aerothermal Performance of a Titanium Multiwall Thermal Protection System.
NASA Ti-1961, December 1981.

10. Murrow, H, N.; McCain, W. E.; and Rhyne, R, H.: Power Spectral
Measurements of Clear-Air Turbulence to Long Wavelengths for Altitudes Up to
14,000 Meters. NASA TP-1979, April 1982,

11. Abel, Irving; Perry, Boyd, III; and Newsom, Jerry R.: Comparison of
Analytical and Wind-Tunnel Results for Flutter and Gust Response of a
Transport Wing with Active Controls, HNASA TP-2010, June 1982,

12, Adelman, H. M,; Haftka, R, T.; and Robinson, J. C.: Studies of Impiicit
and Explicit Solution Techniques in Transient Thermal Analysis of Structures.
NASA TP-2038, August 1982.



13. Sandford, M. C.; Ricketts, R, H.; and Watson, Judith J.: Subsonic and
Transonic Pressure Measurements on a High-Aspect-Ratio Supercritical-HWing
Model with Oscillating Control Surfaces. NASA TM-83201, November 1981.

14, Rogers, J. L., Jr.; Sobieski, J.; and Bhat, R.: An Implementation of the
Programing Structural Synthesis System (PROSSS). NASA TM-83180, December
1981.

15. Rogers, J. L., dr.: An Implementation of the Distributed Programing
Structural Synthesis System (PROSSS). NASA TM-83253, December 1981,

16. Giles, Gary; and Vallas, Maria: An Automated Data Management/Analysis
System for Space Shuttle Orbiter Tiles. NASA TM-B3261, January 1982,

17. Sobieski, J.: A Linear Decomposition Method for Large Optimization
Problems. - Blueprint for Development, NASA TM-83248, February 1982,

18. Heldenfels, R. R.: Historical Perspectives on Thermostructural Research
at the NACA Langley Aeronautical Laboratory from 1948 to 1958, NASA TM-83266,
February 1982.

19. Albertson, Cindy W.: Blockage and Flow Studies of a Generalized Test
Apparatus Including Various Wing Configurations in the Langley 7-Inch Mach 7
Pilot Tunnel. NASA TM-83301, March 1982.

20. Bland, Samuel R.: Development of Low-Freguency Kernel-Function
Aerodynamics for Comparison with Time-Dependent Finite-Difference Methods,
NASA TM-83233, May 1982.

21. Watson, Judith J.: Elastic Deformation E£ffects on Aerodynamic
Characteristics for a High-Aspect-Ratio Supercritical-Wing Model. NASA
TM-83286, May 1982.

22. Cunningham, H. J.; Desmarais, R. N.; and Yates, E. Carson: Steady,
Oscillatory, and Unsteady Subsonic and Supersonic Aerodynamics - Production
Version 1.1 (SOUSSA - P1.1). NASA TM-84484, May 1982.

23. Perry, Boyd, I1I: Methodology for Determining Elevon Deflections to Trim
and Maneuver the DAST Vehicle with Negative Static Margin. NASA TM-84499, May
1982,

24. Johnson, Sally C.: Programs for Transferring Data Between A Relational
Data Base and a Finite-Element Structural Analysis Program., NASA TM-84512,
June 1982.

25. Rao, S. S.: Automated Optimum Design of Wing Structures Deterministic
and Probabilistic Approaches. NASA TM-84475, August 1982.

26. McCain, W. E.: Comparison of Analytical and Experimental Subsonic
Steady- and Unsteady-Pressure Distributions for a High-Aspect-Ratio
Supercritical Wing Model with Oscillating Control Surfaces. MASA TM-84490,
August 1982.



27. Ricketts, R. H.; Cazier, F. W. Jr.; and Farmer, Moses G.: Flutter
Clearance of the Horizontal Tail of the Bellanca Skyrocket II Airplane, NASA
TM-84528, September 1982,

Conference Presentations

28. Reed, W. H.: Aercelasticity Matters: Some Reflections on Two Decades of
Testing in the NASA Langley Transonic Dynamics Tunnel, Presented at the
German Society for Aeronautics & Astronautics (DGLR), Nuremberg, Germany,
October 5-7, 1981. NASA TM-83210.

29. Sobieski, J.; and Rogers, J. L.: A Programing System for Applications
and Research 1in Structural Optimization, Presented at the International
Symposium on Optimum Structural Design - 11th Naval Structural Mechanics
Symposium, Tucson, AZ, October 19-22, 1981. WNASA TM-g3191.

30. Giles, G.; and Vallas, M.: Use of an Engineering Data Management System
In the Analysis of Space Shuttle Orbiter Tiles. Presented at the AIAA
Coriputers 1in Aerospace 111 Conference, San Diego, CA, October 26-28, 1981.
AiAA-81-2192, NASA TM-83215.

31. Computational Aspects of Heat Transfer in Structures. Proceedings of &
Symposium held at NASA langley Research Center, Hampton, VA, November 3-5,
1981. 'NASA CP-2216.

32. Marlowe, M, B.; Whetstone, W. D.; and Robinson, J. C.: The SPAR Thermal
Analyzer - Present and Future, Presented at the Computational Aspects of Heat
Transfer in Structures Conference, Hampton, VA, WNovember 3-5, 1981, NASA
Cp-2216.

33. Adelman, H. M.; Haftka, R. T.; and Robinson, J. C.: Some Aspects of
Agorithm Performance and Modeling 1in Transient Thermal Analysis of
Structures. Presented at the Computational Aspects of Heat Transfer in
Structures Conference, Hampton, VA, November 3-5, 1981. NASA CP-2216.

34, Camarda, Charles J,: Evaluation of an Improved Finite-Element Thermal
Stress Calculation Techniaue. Presented at the Computational Aspects of Heat
Transfer 1in Structures Conference, Hampton, VA, November 3-5, 1981. NASA
CcP-2216.

35. Shore, Charles P.: Status Report on Development of a Reduced Basis
Technique for Transient Thermal Analysis. Presented at the Computational
Aspects of Heat Transfer in Structures Conference, Hampton, VA, HNovember 3-5,
1981. NASA CP-2216.

36. Blosser, M., L.: Transient Thermal Analysis of a Titanium Multiwall
Thermal Protection System. Presented at the Computational Aspects of Heat
Transfer 1in Structures Conference, Hampton, YA, MNovember 3.5, 1981. NASA
Cp-2216.

37. Heldenfels, Richard R.: Historical Perspectives on Thermostructural
Research at the NACA Langley Aeronautical laboratory from 1948 to 1958,
Presented at the Computational Aspects of Heat Transfer 1in Structures
Conference, Hampton, VA, November 3-5, 1981. NASA CP-2216.



38. Robinson, J. C.; Riley, K. M.; and Haftka, R. T.: Evaluation of the SPAR
Thermal Analyzer on the Cyber-203 Computer. Presented at the Computational
Aspects of Heat - Transfer in Structures Conference, Hampton, VA, November 3-5.
1981. NASA CP-2216. . )

39, Adelman, H.; Haftka, R.; and Robinson, J.: Some Aspects of Algorithm
Performance and Modeling in Transient Thermal Analysis Structures. Presented
at the ASME Winter Annual Meeting, Washington, DC, November 15-20, 1981. NASA
TM-83190.

40. DaForno, G.; Bennett, R.: Using Freon in Tfransonic Wind Tunnel Testing
for Loads. Presented at the AIRA 12th Aerodynamic Testing Conference,
Williamsburg, VA, March 22-24, 1982. AlAA-82-0581.

41. Mehrotra, Sudhir C.; and Robinson, James C.: Structural Modeling of High
Reynolds Number Wind Tunnel Models., Presented at the AIAA 12th Aerocynamic
Testing Conference, Williamsburg, VA, March 22-24, 1982. AIAA-82-0602.

42, Farmer, Moses G.: A Two-Degree-of-freedom Flutter Mount System with Low
Damping for Testing Rigid Wings at Different Angles of Attack. Presented at
the Virginia A.ademy of Science Meeting, Blacksburg, VA, April 20-23, 1982.
NASA TM-83302.

43, Desmarais, R. N.: An Accurate Method for Evaluating the Kernel »f the
Integral Equation Relating Lift to Downwash 1in Unsteady Potential Flow.
Presented at the AIAA/ASME/ASCE/AHS, 23rd Structures, Structural Dynamics and
Materials Conference, btew Orleans, LA, May 10-12, 1982. AlAA-82-687, NASA
TM-83281.

44, Eckstrom, C. V.; and Spain, C. V.: Design Considerations and Experiences
in Use of Composite Material for an Aervelastic Research Wing. Presented at
the AIAA/ASME/ASCE/AHS, 23rd Structures, Structural Dynamics and Materials
Conference, New Orleans, LA, May 10-12, 1982. AIAA-82-0678, NASA TM-83291.

45, Edwards, J. W.; Bennett, R, M.; Whitlow, HW., Jr.; and Seidel, D, A.:
Time-Marching Transonic Flutter Solutions Including Angle-of-Attack Effects.
Presented at the AIAA/ASME/ASCE/AHS, 23rd Structures, Structural Dynamics and
Materials Conference, MNew Orleans, LA, May 10-12, 1982, AlAA-82-0685, NASA
TM-83295.

46. Hess, R. W.; Wynne, E, C.; and Cazier, F. HW., Jr.: Static and Unsteady
Pressure Measurements on a 50 Degree Clipped Delta Wing at M=0.9. Presented
at the AIAA/ASME/ASCE/AHS, 23rd Structures, Structural Dynamics and Materials
Conference, New Orleans, LA, May 10-12, 1982, AIAA 82-.0686, NASA TM-83297.

47. Giles, G, L.; and Rogers, J. L., Jdr.: Implementation of Structural
Response Sensitivity Calculations in a Large-Scale Finite-Element Analysis
System, Presented at the AIAA/ASME/ASCE/AHS, 23rd Structures, Structural
Dynamics and Materials Conference, WNew Orleans, LA, May 10-12, 1982,
AIAA-82-0714, NASA TM-83293.

48, Robinson, dJ. C.: Application of a Systematic Finite-Element Model
Modification Technique to Dynamic Analysis of Structures. Presented at the
ATAA/ASME/ASCE/AHS, 23rd Structures, Structural Dynamics and Materials
Conference, New Orleans, LA May 10-12, 1982. AIAA-82-0730, NASA TM-83292.
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49, Ruhlin, C. L.; Watson, J. J.; Ricketts, R. H.; and Doggett, R. V., Jr.:
Evaluation of Four Subcritical Response Methods for On-Line Prediction of
Flutter Onset in Wind-Tunnel Tests. Presented at the AIAA/ASME/ASCE/BHS, 23rd
Structures, Structural Dynamics and Materials Conference, New Orleans, LA, May
10-12, 1982, AIAA-B2-0721CP, NASA THM-83278.

50. Ruhlin, C. L.; Rauch, C.; and Waters, J. R.: Transonic Flutter Study of
a Wind-Tunnel of a Supercritical Wing With/Without Winglet. Presented at the
AIAA/ASME/ASCE/AHS, 23rd Structures, Structural Dynamics and Materials
Conference, New Orleans LA, May 10-12, 1982, AIlAA-82-0644CP, NASA TM-83279.

51. Shideler, J. L.; Fields, R.; and Swegle, A. R.: Development of Rene' 41
Honeycomb Structure as an Integral Cryogenic Tankage/Fuselage Concept for
Future Space Transportation Systems. Presented at the AIAA/ASME/ASCE/AHS,
23rd Structures, Structural Dynamics and Materials Conference, New Orleans,
LA, May 10-12, 1982, AIAA-82-0653, NASA TM-83306.

52. Thornton, E. A.; Wieting, A. R.; and Dechaumphai, P.: Integrated Finite
Element Thermal-Structural Analysis With Radiation Heat Transfer. Presented
at the ATAA/ASME/ASCE/AHS, 23-~d Structures, Structural Dynamics and Materials
Conference, New Orleans, LA, May 10-12, 1982. ATAA-82-703, NASA TM-84469.

53. Whitlow, W., Jr.; and Bennett, R. M.: Application of a Transonic
Potentia® Flow Code to the Static Aercelasti:z Analysis of Three-Dimensional
Wings. Presented at the AIAA/ASME/ASCE/AHS, 23rd Structures, Struciural
Dynamics and Materials Conference, HNew Orleans, LA, May 10-12, 1982,
AIAA-82-0689, NASA TM-83296.

54, Yates, E. C., Jr.; Hynne, E. C.; and Farmer, M. G.: Measured and
Calculated Effects of Angle of Attack on the Transonic Flutter of a
Supercritical Wing. Presented at the AIAA/ASME/ASCE/AHS, 23rd Structures,
Structural Dynamics and Materials Conference, MNew Orleans, LA, May 10-12,
1982, AlAA-82-0647, NASA TM-83276.

55. Yates, E. C., Ir.; Cunningham, H. J.; Desmarais, R. N.; Silva, W. A.; and
Drobenko, B.: Subsonic Aerodynamic and Flutter Characteristics of Several
Wings Calculated by the SOUSSA Panel Method. Presented at the
ATAA/ASME/ASCE/AHS, 23rd Structures, Structurai Dynamics and Materials
Conference, New Orleans, LA, May 10-12, 1982. AIAA-82-0727, NASA TM-84485,

56. Kelly, H. N.; and HWebb, G, L.: Assessment of Alternate Thermal
Protection Systems for the Space Shuttle Orbiter. Presented at the AIAA/ASME
3rd Joint Thermophysics, Fluids, Plasma and Heat Transfer Conference, St.
Louis, MO, June 7-11, 1982, AIAA-82-0899, NASA TH-84491.

57. Anglin, E. L.; and Byrdsong, T. A.,: Control Effectiveness and Effects of
Control Hinge Gap Seals for a Supercritical Wing. Presented at the AIAA/ASME
3rd Joint Thermophysics, Fluids, Plasma and Heat Transfer Conference, St.
Louis, MO, June 7-11, 1982, AlAA-82-0960, NASA TM-84511.

58, Basiulis, A; and Camarda C. J.: Design, Fabrication and Test of Liquid
Metal Heat-Pipe Sandwich Panels. Presented at the AIAA/ASME 3rd Joint
Thermophysics, Fluids, Plasma and Heat Transfer Conference, St. Louis MO, June
7-11, 1982.
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59. Mukhopadhyay, V.; and Newsom, J. R.: Application of Matrix Singular
vValue Properties for Evaluating Gain and Phase Margins of Multiloop Systems.
Presented at the AIAA Guidance and Control Conference, San Diego, CA, August
9.11, 1982. AlAA-82-1574, NASA TM-B4524,

60. Rogers, James L.: Combining Analysis with Optimization at Langley
Research Center--An Evolutionary Process. Presented at the 2nd International
Computer Engineering Conference and Show, San Diego, CA, August 15-19, 1982.
NASA TM-84472.

Contractor Reports

61. Karpel, Mordechay: Design for Active and Passive Flutter Suppression and
Gust Alleviation. NASA CR-3482, November 1981.

62. Mercer, J. E.; and Geller, E. W.: Development of an Efficient Procedure
for Calculating the Aerodynamic Effects of Planform Variation., NASA CR-3489,
December 1981.

63. Hays D.: An Assessment of Alternate Thermal Protection Systems for the
Space Shuttle Orbiter, Vol I - Executive Summary. NASA CR-3548, April 1982.

64. Ehlers, Edward F.; and Weatherill, Harren H.: A Harmonic Analysis Method
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69. Hepler, Andrew, K.: and Swegle, Allan R.: Design and Fabrication of
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Other Publications

78. Bland, Sam: AGARD Three-Dimensional Aeroelastic Configurations.
Prepared for AGARD, March 1982. AGARD-AR-167.

79. Young, MW. W.: Design and Prediction for Rotor Blade BAarodynamics.
Presented at the AGARD Fluid Dynamics Panel, London, England, May 17-18,
1982. AGARD-CP-334, ’
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FY 83 PLANS
The FY 83 plans for the Loads and Aercelasticity Divisior are broken out
by each of the branches (technical areas) and are referred to in terms of the
five yzar plans by the letters A, B, C, . . . on figures 6, 20, 27, and 75,

respectively,

Aerothermal Loads Branch

For FY 83, there will be n increasing level of activity in all four
disciplines.

TPS Concggkg. - The w in Aerothermal Loads Branch effort in development
of durable TPS in 1983 will be directed toward testing of 1)} the titanium and
superalioy panels described in the 1982 review and 2} :n Advanced Carbor
Carbon (ACC) multipost concept for application where vehicle surfaces exceed
the use temperatur: of the metallic panels. The metallic panels will be
exposed to static heating, wind tunnel, vibration, acoustic, water fintrusion,
foreign object damage, and lightning strike tests. Current plans call fer
static heating, arc tunnel, and foreign object damage tests of the ACC
concept, The proposed testing will provide a verification of durable T?S
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concepts for a temperature range from 700°F to over 2300°F that are mechani-
cally attached, have no open gaps, and are mass competitive with ceramic TPS
currently empioyed on the Space Shuttle,

Thermal Leoads. - The major thrusts of the thermal loads research effort
for FY B3 consists of five specific tasks: 1) results of mass addition film
cooling tests of a large 12.5 degree cone will be analyzed to determine the
cooling effectiveness of both forward fucing and tangential coolant ejection.
2) A Curved Surface Test Apparatus {CSTA) will be tested to define the aero-
thermal loads on a fuselage type body for comparison with the latest flow
field analytical methods and to provide baseline data for using the CSTA as a
test bed, 3) Experimental results of flat TPS tile gap heating as a function
of flow angularity will be analyzed and a tile gap model will be designed to
fit the CSTA to study the effects of large pressure gradients along curved
surfaces on gap heating. 4) A wind tunnel model with shallow spherical protu-
berances that simulate thermally bowed metallic TPS tiles and a model that
simulates a chordwise gap formed between adjacent wing elevons will be pre-
pared for testing. 5) Generic models will be designed for investigating
effects of protuberances submerged within and extended through a turbulent

boundary layer and for investigating flow interference effects of inside
corners. )

Integrated Analysis. - There are two major thrusts for the Aerothermal
Loads Branch analysis effort. The first, which complements the thermal loads
experimental effort, is the prediction of aerothermal loads. This effort
includes continued application of Tinite difference solutions to complex flow
cunfigurations and development of finite element technology for aerothermal
load prediction with the ‘long-range goal of developing an integrated
flow-thermal-structural analysis capability. The second, which addresses
integrated thermal-structural analysis, includes 1improvement of techniques,
algorithms, and radiation analysis for applications to Space Snuttle and Large
Space Structures Technologies.

Facilities Operations and Devzlopment. - The facilities effort involves
the safe and efficient operation and'the expansion of the test capabilities of
the six high energy facilities of the Aerothermal Loads Branch--the "' High
Temperature Tunnel (8' HTT), 1' x 3' High Enthalpy Aerothermal Tunnel (1' x 3°
HEAT), the 7" High Temperature Tunnel (7" HTT), and the 1, 5, &nd 20 MW Aero-
thermal Arc Tunnels.

A major thrust will be the verificatior testing 1in the 7" HTT of tech-
niques for providing alternate Mach numbers (4, 4.5, and 5) and oxygen enrich-
ment of the methane air combustion products test stream, This effort s in
support of a proposed modification (FY 85 Coff) of the 8' HTT which will make
it a unique cacional research facility for testing air-breathing propulsion
systems for very high speed aircraft and missiles,

During the next year the Curved Surface Test Apparatus {CSTA), Superalloy
and Titanium TPS, Sentry Missile Thrustor, and a flow breakdown load defini-
tion model will be tested in the 8' HYT. A flow survey apparatus which can
survey the test conditions before every run will be installed, the computer-
ized data system which allows graphical output of data in real time and quick
Yook post run data will be completed, a replacement approach section will be
jnstalled, the Lifting Surface Test Apparatus (LSTA) will be functionally
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checked out, and new radiant heater banks for the LSTA and the associated
power controllers will be installed.

The 1' x 3' High Enthalpy Aerothermal Tunnel will be reactivated, a new
water cooled combustor liner will be installed, and calibration of the facil-
ity will be initiated.

The test programs for the next year for the arc heated tunnels include:
1) basic metallic heat shield material evaluation; 2) a basic research program
on the catalysis of recombination of gaseous atoms on metal oxide surfaces; 3)
testing support for the evaluation of the ablator for the external tank of the
Shuttle; 4) advanced TPS certification and trouble spot testing for Shuttle as
required; 5) a rocket motor materials evaluation; 6) Advanced Carbon-Carbon
(ACC) TPS panel tests; 7) evaluation of a new arc heater concept; and 8) basic
electrode erosion studies,

The plans/milestones marked on figure 6 are described in more detail in
figure 50. Selected highlights of these milestones are listed below and are
shown by figures 51 through 57,

TPS Concepts:
- Metallic Thermal Protection Systems
- Advanced Carbon-Carbon Heat Shield Research

Thermal Loads:
- Mass Addition Film Cooling Tests of a 12.5 Degree Cone in the 8' HIT
- Aerodynamic Heating and Pressure Distributions on a Blunted Three-
Dimensional Nonaxisymmetric Body at Mach 6.8
- General Purpose Test Apparatus for 8' HTT

Integrated Analysis:
- Integrated Fluid-Thermal-Structural Analysis

Facilities Operation and Development:
- Oxygen Enrichment and Alternate Mach Number Capability for the 8' HTY

Each highlight is accompanied by descriptive material.

Multidisciplinary Analysis and Optimization Branch

There are several major efforts planned for FY 83 which collectively,
constitute a concentrated thrust to advance the state of the art cf optimiza-
tion and associated analysis. The focus for optimization algorithms is on
development of techniques for optimization of structures under dynamic loads,
and on implementation of the best selection of algorithms in the form of a
computer program library (an update of the CONMIN program). In structural and
multidisciplinary optimization, a major demonstration project-~-the Lockheed
aircraft--will go from the analysis phase to the optimization phase. In
design oriented analysis, completion of sensitivity implementation in a
producticn level program (EAL) is planned. Combined thermal-structural-
trajectory optimization will be initiated for STS TPS, and the possibility of
actively controlling space structure thermal deformations will be investi-
gated, The active control work will concentrate on tool building for
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multifunction control systems and on providing support for the DAST ARW-1 and
ARW-2 exporimental programs. In the flight loads area, most of the ARKW-1
flight test program should be completed, the ARW-2 aircraft will move toward
the flight test stage, and mission concepts for ARW-3 (or a modified ARW-2)
will be formulated.

The plans/milestones marked on fiqure 20 are described in more detail in
figure 58, Selected highlights of these milestones are Tisted below and are
shown by figures 59 through 62,

Active Controls:
- DAST ARW-2 - Gust Loads Analysis

Design Oriented Analysis:
- Analytical Technique to Control Thermal Distortion of Space
Structures by Applied Temperatures

Flight Loads:
- ARW-1R Schedule

Optimization and Applications:
- Advanced Modular Optimization Program

Each highlight is accompanied by descriptive material.

Unsteady Aerodynamics Branch

For FY 83, there will be an increasing level of activity in developing
and applying computational finite-difference algorithms solving the nonlinear
unsteady fluid flow equations. Strong emphasis will be given to determining
the accuracy of each level of code and to the incorporation of realistic
viscous boundary layer models. The application of these codes to the assess-
ment of nonlinear aercelastic stability will also be actively pursued.

In parallel with the development of computational methods, the unsteady
pressure measurement program will continue tc provide experimental cdata for
code validation. To supplement the data already obtained from rigid oscilla-
ting models, unsteady pressure tests on an aeroelastic model will be ontained.
Also, to provide data at flight Reynolds numbers and to define the impurtance
of viscous boundary layer effects, tests at cryogenic temperatures will be
conducted.

The plans/milestones marked on figure 27 are described in more d:tail in
figure 63. Selected highlights of these milestones are listed below and are
shown by figures 64 through 67.

Theory Development:
- Unsteady Full Potential Code for Loads Prediction and Aercelastic
Analysis

Aercelastic Analysis:
- Assessment of 2-D Airfoil Transonic Flutter Characteristics
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Unsteady Pressure Measurements:
- DAST ARW-2 TDT Test
- Oscillating Pressure Measurements on a 2-D Supercritical Wing
in the 1/3 Meter Cryogenic Tunnel

Each highlight is accompanied by descriptive material.

Configuration Aercelasticity Branch

For FY 83 the Configuration Aeroelasticity Branch (CAB) will con-
tinue its broadly based research program on dynamic and aeroelastic phenomena
of aircraft and rotorcraft.

Although a large portion of this work is associated with tests in the
Langley Transonic Dynamics Tunnel (TDT) with companion theoretical studies,
flight test programs are included as well. Currently two major flight test
programs are in progress. These are the Higher Harmonic Control (HHC) program
which uses an active control system for rotorcraft vibration reduction and the
Decoupler Pylon (DCP) program for passive flutter suppression of wings with
external stores. Both of these programs had their beginning with successful
tests in the TDT and advanced to the flight test phase to evaluate character-
istics which cannot be properly studied in wind-tunnel experiments. Initial
closed loop tests for the HHC system implemented on an OH-6A helicopter are
expected to be accomplished in the coming year. The fabrication of decoupler

pylons for installation on an F-16 airplane will be completed in the coming
year also.

With respect to wind-tunnel tests in the TDT, research studies are
planned for both rotorcraft and airplanes. The rotorcraft studies will use
the aeroelastic rotor experimental system (ARES) and will focus on new rotor
concepts such as the hingeless rotor. Airplane focused studies include such
items as investigations of shock induced oscillations and aero/servo/elastic
instabilities of forward swept wing configurations. In addition to research
studies, two flutter clearance tests are planned for the F-16 airplane with
new external stores.

Work will continue in Lhe area of prediction of helicopter vibration
characteristics by using finite element modeling procedures. The NASTRAN
analysis/test correlation for the CH-47D airframe will be completed. Plans
will be finalized for expanding this vibrations research to include other
airframes and the incorporation of advanced technologies into vibration
prediction methoas.

The plans/milestones marked on ficure 35 are described in more detail in
figure 68. Selected highlights of these milestones are listed below and are
shown by figures 69 through 72,

Aircraft Aeroelasticity:
- Decoupler Pylon Program
- Modifications to Upgrade the Langley TDT (Density Increase)

Rotorcraft Aerocelasticity:
~ Aeroelastic Stability of Hingeless and Bearingless Rotors

16



Rotorcraft Vibrations:
- A National Capability to Analyze Vibration as Part of Helicopter
Structural Design

Each highlight is accompanied by descriptive material.

CONCLUDING REMARKS

This publication documents the FY 1982 accomplishments, research and
technology highlights, and FY 1983 plans for the Loads and Aeroelasticity
Division. The accomplishments and plans are shown as they relate to the five
year plan,
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SECOND GEMERATION TITANIUM MULTIWALL TPS TILE
SUCCESSFULLY FABRICATED

John L. Shideler
Aerothermal Loads Branch
Extension 3423

RTOP 506-53-33

Research Objective

The objective of this program is to develop a durable Thermal Protection
System (TPS) for Future Space Transportation Systems (FSTS) for surfaces which
experience maximum temperatures between 700°F and 1200°F.

Approach

Design, fabhricate, and test titanium multiwall tiles to assess applicability
for use as TPS for FSTS.

Accomplishment Description

A second generation titanium multiwall thermal protection tile has been
successfully fabricated as part of the OEX metallic thermal protection system
program. The tile, which was fabricated by Rchr Industries under contract
NAS1-15646, incorporates nodifications to overcome deficiencies identified in
tests of the first generation tiles. In the study for alternate TPS for the
Space Shuttle {Contract NAS1-16302), the titanium multiwall concept was
selected for application in the 700°F to 1000°F temperature range. The second
generation tile, Tike the first generation tile, is 0.7" thick and consists of
four dimpled 0.003" sheets and three flat 0.0015" sheets sandwiched between a
0.003" inner face sheet and a 0.004" outer face sheet. The mass of the tile
is 0.75 1bm/ftZ and is competitive with the mass of the LI-900 RSI. The
modifications include: the use of 90 degree, instead of 30 degree scarfed,
side closures to improve thermal expansion compatibility between adjacent
tiles and to reduce fabrication problems; substitution of the stronger
Ti 6A1 - 25n - 4Ir - 2Mo alloy for Ti 6A1 - 4V alloy in the higher temperature
layers; and slightly larger contact nodes to improve strength of the tiles.
Developmental tests by the contractor indicate that the new tiles meet or
exceed the design goals. The flatwise tension strength of the tiles has been
increased by approximately 55 percent without any significant increases in
thermal conductivity or mass. The second generation tile shown in the figure
has been tested at 1000°F to a uniform outward pressure of 3 psi (3 times the
design pressure) with no evidence of damage.

Future Plans

A 17.5 square foot array plus four individual tiles of the improved design are
currently being fabricated for environmental tests at the Langley Research
Center., The tests-will be conducted as part of the base R&T program.

Figure 8(a).
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SUPERALLOY HONEYCOMB PREPACKAGED TPS TILE
SUCCESSFULLY FABRICATED

John L. Shideler
Aerothermal Loads Branch
Extension 3423

RTOP 506-53-33

Research QObjective

The objective of the program is to develop a durable Thermal Protection System
(TPS} for Future Space Transportation System (FSTS) for surface which
experience maximum temperature between 1200°F and 2000°F,

Approach

Design, fabricate, and test superalloy honeycomb prepackaged tiles to assess
applicability for use as TPS for FSTS,

Accomplishment Description

A 12" by 12" superalloy honeycomb prepackaged thermal protection tile has been
successfully fabricated by Rohr Industries under Contract HNAS1-15696. The
tile which is an outgrowth of, and is compatible with, titanium multiwall
tiles is intended for application in the 1200°F to 2000°F temperature range.
As shown by the sketch, the tile consists of an Inconzl 617 honeycomd hot
surface panel, a titanium honeycomb cold surface panal, and beaded Inconel 617
side closures which encapsulate layered fibrous insulation. The Inconel
honeycomb has 0.005 inch thick face sheets and a 0.28 jinch deep 3/16 inch
square-cell core; the titanium honeycomb has .006 inch thick face sheets (with
the inner face sheet chem milled to .003 inch in the central region} and 0.17
inch deep 3/16 inch square-cell core; and the side closures are of .003 inch
foil. A1l core is fabricated from 0.0015 inch foil. The complete tile, which
is fabricated in a three step operation using a proprietary joining process,
is 2.35 inches thick and weighs 2.2 pounds including attachment clips.
Developmental tests by the contractor indicate that superalloy tiles meet or
exceed the design goals. The tile shown in the figure has been exposed to
radiation heating that produced a temperature of 2000°F on the hot surface and
400°F on the backside, and has been tested to a uniform outward pressure of
3.6 psi (1.8 times the design pressure) at 1000°F (100°F backside
temperature). At that pressure the tile developed a leak at the corner in the
joint between the Inconel side closure and the titanium face sheet, which
prevented further pressure tests, The existence of the leak identified the
need for a minor design change before fabricating additional test tiles. The
leak will be repaired, and the panel will be retested to destruction.

Future Plans

A 17.5 square foot array plus five individual superalloy honeycomb prepackaged
tiles are currently being fabricated for environmental tests at the Langley
Research Center,.

Figure 9(a}.
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LaRC TESTS IN 20 MW AAT CERTIFY FRCI-12 FOR SIKGLE MISSION
Robert F. Mayo
Aerothermal Loads Branch
Extension 3894
RTOP 506-53-33

Research Objectives

The FRCI-12 (Fibrous Refractory Composite Insulation, 12 ]b/ft3 nominal
density) has been proposed as a replacement thermal protection system tile for
1.1-2200 (Lockheed Insulation, 22 1b/ft3) on 0V-.103, 0V-102 and OV-099.
FRCI-12 has superior mechanical properties at reduced mass than LI1-2200,
Since the LI1-2200 was certified for a single mission prior to STS-1 at LaRC,
the Manager, Orbiter Project, JSC, requested the certification tests for
FRCI-12 be conducted in the NASA/Langley 20 MW Aerothermal Arc Tunnel (AAT).
The tests would permit direct comparison of the performance of FRCI-12 to
L1-2200. The test articles represented the three most critical high pressure
gradient, high temperature areas on the Orbiter; specifically the chine, the
nose gear door, and the elevon/body flaps. The certification tests are based
on off-nominal (nominal plus root sum square uncertainties) flight
conditions. Hence, the tiles are certified for at least one mission at the
worst flight environment. The actual tiles are recertified on a flight by
flight basis with the ground tests serving as datum,

Approach

The original LI-2200 test articles were duplicated by Rockwel} International
with replicate FRCI-12 tiles. Additionally, the tunnel parameters used for
the corresponding L1~2200 tests were repeated for the FRCI-1Z tests.

Accomplishment Description

The FRCI-12 tiles demonstrated at least a single mission capability in all
tests. The LI-2200 tests had also demonstrated at least a single mission
capability, However, the FRCI-12 appears to have a greater amount of surface
shrinkage., The gaps appeared to grow at a faster rate and the forward facing
steps shrank faster. The initial high temperature areas caused by forward
facing steps operate at a lower temperature upon shrinkage of the step.
Therefore, shrinkage of forward facing steps 1is somewhat beneficial.,  The
shrinkage of the FRCI-12 encountered in these tests would not be as great in
the actual flight case. The off-nominal flight condition results in the tiles
operating about 200°F higher during the certification testing than during
actual nominal flight conditions. The amount of shrinkage significantly
increases above 2300°F, Therefore, at the lower temperatures enoguntered
during a nominal flight (Tpax < 2400°F) the shrinkage would be reduced. The
three test articles and associated test data have been forwarded to RI for
detailed inspection and further analysis.

Future Plans

Any requirements for additional certification testing of the FRCI-12 will be
determined after the results of the more detailed inspection and analysis of
the test data from these three test articles by the prime contractor (RI).

Figure 10(a).
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GRAPHITE/POLYIMIDE PANEL WITH DIRECT 20ND RSI TilES
SURVIVES SIMULATED SHUTTLE ASCENT ACOUSTICS

Richard W. Tyson
Aerothermal Loads Branch
Extension 3158
RTOP 506-53-33

Research Objectives

The CASTS program {Composites for Advanced Space Transportation Systems) has
shown that significant mass reductions in the Space Shuttle structure can be
realized through the use of high temperature graphite/polyimide composite
components because of 1) the higher strength to weight ratio of the composite
relative to the basic aluminum structure currently used; 2) the higher
temperature capability of the composites which reduces insulation
requirements; and 3) the improved thermal expansion compatibility between the
ceramic reusable surface insulation (RSI) and the composite substrate which
permits elimination of the strain isolation pad. The objectives of the
acoustic fatigue tests of direct bond RSI tile on graphite/polyimide
structures are 1) verify the primary-structure acoustic fatigue 1life (100
Shuttle missions), 2) demonstrate the integrity of selected regions of the
direct~bond TPS, and 3) verify the analytically predicteble corner panel root
mean square (RMS) strain and frequency of a representative specimen of the
advanced structural system.

Approach

As illustrated, a 20- by 40-inch graphite/polyimide honeycomb pane! with an
array of 13 directly bonded RSI tiles, has been exposed to the high energy
noise Tield of the 8' HTT. This panel is representative of a section of the
Shuttle body flap and has been tested as a secondary test to the scheduled
activity of the tunnel. As shown, the frequency content of the wind tunnel
noise is similar to that of the Shuttle. The intensity can be adjusted by
repositioning the test specimen in the tunnel noise field.

Accomplishment Description

Over the past 14 months the panel has been exposed to 38 minutes of tunnel
noise at an overall sound pressure level (DASPL) of approximately 154 dB which
simulates the total aerodynamic acoustic load for 100 Shuttle missions and an
additional 3 minutes at 161 dB OASPL with no evidence of structural
degredation. As illustrated by the figure the panel response peaks at
approximately 260 Hertz, which corresponds favorably with the predicted
fundamental frequency of 297 Hertz, producing acceleration forces of
approximately 100 g's near the center of the panel.

Future Plans
The panel has been repositioned to increase the noise exposure to 161 dB OASPL
for 34 min. to- simulate the higher dB levels experienced during 1liftoff.

Subsequently the panel will be repositioned to increase the intensity to 165
dB OASPL, which corresponds to the design level.

Figure 11{a).
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FLOW ANGULARITY EFFECTS ON TILE/GAP IMPINGEMENT HEATiNG
Don E. Avery
Aerothermal Loads Branch
Extension 3168

RTOP 506-53-63

Research Objectives

Previous aerothermal tests on Shuttle type tiles in the LaRC 8' HTT identified
the effects of boundary layer and gap geometry on the impingement heating rate
on the tile's forward face at the end of the longitudinal gap aligned with the
flow ("T" gap). However, more detailed heating is needed to define the
overall tile heating at various flow angles for Shuttle tile certification,
The present study extends the previous effort to include the effect of
impingement heating on the upstream tile corner due to flow angularity with
respect to the longitudinal gap. Flow angles include 0, 15, 30, 45, and €0
degrees. In addition, the effects of boundary layer state and thickness,
Reynolds number, and gap width on localized heating which affects tile coating
and overall heating which affects the structural integrity are being analyzed.

Approach
" In order to obtain the desired heating detail, a highly instrumented thin-wall

metallic tile was tested in the 8' HTT as shown in the tile array in the
figure.

Accomplishment Description

Preliminary results indicating flow angularity effects for laminar and
turbulent boundary layers on the peak impingement heating for a gap width of
0.070" are shown in the figures. The heating rates are nondimensionalized to
the theoretical flat plate value. For laminar flow, the impingement heating
at the upstream corner and at the end of the "T" gap are relatively constant
for A < 45°, For A > 45°, the increased heating probably reflects increasing
flow in the uninterrupted gap as the gap becomes more closely aligned with the
flow. For turbulent flow the behavior of the heating at the corner is very
similar to that of the laminar flow. However, impingement heating at the end
of the "T" gap is significantly higher at b = 0° but reduces with flow angle.
As reported with previous tests for W < 0.070 inches, laminar flow over a tile
heating is primarily three-dimensional at the "T" junction. Therefore, the
turbulent boundary layer allows a larger impingement heating for flow angles
near zero.

Future Plans
This data will allow the effect of flow angularity to be incorporated into an

empirical relationship, developed from previous tests, which accurately
predict the effects of gap geometry over a range of boundary layer conditions,

Figure 12(a).
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HEAT TRANSFER MODEL USING NEW FABRICATION TECHNIQUE
TESTED IN 8' HTT

Don E. Avery
Aerothermal Loads Branch
Extension 3168
RTOP 506-53-63

Research Objectives

The ALB has been investigating tile gap heating phenomena to identify the
effects of gap geometry and flow parameters on both local and integrated
heating. Metallic thin wall arrays have been used to obtain local heat
fluxes. The high density instrumentation requirements to obtain detailed
distributions in the 1localized ‘impingement heating zones eliminated
conventional model fabrication methods. Consequently, fabrication by an
electroless nickel plating technique developed undar a Johnson Space Center
contract was selected. Although this technique has been employed to fabricate
small models, this effort to fabricate a 6 by 6 by 2,5 inch tile shell 0.025
inches thick for heat transfer tests represented a significant extension of
the technology. This process is not limited to any particular geometry and
results in a seamless thin wall heat transfer model which uses a single wire
thermocouple to attain local "cold wall" heating rates.

Approach

The new fabrication technique requires 10 steps and several precision molds:
The first six steps generate a cerrotru mandrel which is piated with a nickel
alloy, Niculoy 22, to one-half the desired tile wall thickness. The
thermocouple wires are clipped and polished flush with the surface prior to
the final plating. The cerrotru mandrel is removed by melting.

Accomplishment Description

Two heat transfer models were fabricated and one was installed in the center
of an array of other simulated Shuttle tiles and tested in the 8' HTT. The
effects of boundary layer state and thickness, flow angle, gap width and tile
step height on localized and overall heating are being analyzed.
Seventy-three percent of the 40 tests were completed before both models were
damaged beyond repair. The model failures resulted from thermal shock induced
by the tests, which also resulted in the 500°F material temperature limit
being exceeded. In addition, the brittle nature of the material and the
structural weakness of the flat-sided configuration was degraded and
eventually could not withstand the nominal pressure loading associated with
the tests and failed. The test pregram and model are considered to be
successful and this fabrication  technique is a viable option for highly
detailed models, especially configurations that do not carry significant
bending loads.

Future Plans

Additional work is required to optimize flat configurations. A possible
solution would be to form the model on a low thermal conductivity material
which could also provide structural support.

Figure 13(a).
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UNSEALED WING-ELEVON COVE HEATING CHARACTERISTICS AT M = 6.8
FOR SEPARATED FLOW ON WING

William D. Deveikis
Aerothermal Loads Branch
Extension 2325
RTOP 506-53-63

Research Objectives

An extensive investigation was conducted at a free-stream Mach number of 6.8
in the Langley 8' HTIT to define effects of laminar flow separation on
aerodynamic heating in a leaking cove of a full-scale representation of the
wing-elevon juncture on the Space Shuttle Orbiter. Tre investigation is part
of an on-going effort by the Aerothermal Loads Branch to collect information
on the nature of cove flow for~ use in formulating a method for predicting the
thermal response of an unsealed cove structure for wirged reentry vehicles,

Approach

Extent of flow separation was varied by cove seal leak gap {0 to 0.5 inch),
elevon deflection (15° to 35°), and free-stream unit Reynolds number (0.4 x
105 to 1.4 x 106 per ft.). Pressure and cold-wall heating-rate distributions
were obtained along the wing, cove, and elevon surfaces shown on the simpli-
fied cross-sectional view at the upper right for an angle of attack of 5°.

Accomplishment Description

Three typical heating-rate distributions present heating rates referenced to
the wing value for laminar attached flow at the cove entrance for various flow
separation distances obtained with 12.5- and 50-percent leaks (0.06- and
0.25-inch gaps) and elevon deflections of 15° and 20.° at a free-stream unit
Reynolds number of 0.4 x 106 per ft, When laminar flow separation occurs near
the cove entrance, wing heating rates under the separated boundary layer
decrease sharply from equivalent attached-flow values, and cove heating rates
diminish from the :ove entrance by an order of magnitude. Increasing the
elevon deflection aigle extends the length of flow separation, and, as shown
by the rising wirg heating rates, the separated laminar boundary layer
transitions to turbulent flow ahead of the cove entrance. Consequently, cove
heating rates are an order-of-magnitude greater than for purely laminar flow
separation at the same cove seal leak gap. However, if the leak gap increases
sufficiently, boundary-layer suction can force the separated boundary layer to
reattach, in which event cove heating rates approximate the level of heating
for laminar flow separation, As indicated, the agreement between test data
and calculated values is good. Calculations for cove heating were obtained
using a simple 1D math model which assumed laminar developing channel flow,
Scatter of cove data about the predicted distribution results from abrupt
changes in flow path and cove area which are not accounted for by the
constant-area channel-flow math model.

Future Plans

Wind-tunnel investigations will be conducted to study 3-dimensional flow
effects on cove aerothermal environment wusing the Lifting Surface Test
Apparatus (LSTA) to simulate a swept wing with control surfaces.

Figure 14(a).
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NEW VIEW FACTOR CALCULATION TECHNIQUE MORE EFFICIENT
Claud M, Pittman
Aerothermal Loads Branch
Extension 3155

RTOP 506-53-53

Research Objectives

The objective is to develop an efficient view factor computer program suitable
for calculating radiation view factors for large, complex structures.

Approach

A research grant was established with the University of Washington to develop
an efficient view factor computer program for radiant heat transfer analysis.
The view factor program development was also to include an interactive
graphics program which would create and manipulate geometric shapes and
provide the surface coordinate data necessary for view factor calculations.
Recently, the programs have become operational,

Accomplishment Description

In-orbit thermal analysis of the LDEF paylead, to be carried in the Space
Shuttle (see figure), requires calculation of radiant heat transfer inside the
LDEF configuration. To do the radiant heat transfer analysis, radiation view
factors must be calculated Tor more than 400 internal surfaces of the
payload. The view factor calculations for LDEF are complicated by the
internal reinforcing structural members which produce more than 100 internal
surfaces which partially block radiation between the outer surfaces. More
than 60,000 view factors must be calculated.

Previously, view factors were calculated using a non-optimized, in-house
computer program, This computer program required about 30 hours on the
CbC-6600 computer to calculate view factors for a typical LDEF configuration,

The University of Washington view factor program has been used to calculate
view factors for a typical LDEF configuration. The calculation required about
30 minutes on the Cyber-203 computer. Since the Cyber-203 computer is about
twice as fast as the CDC-6600, the new program decreased computer time by a
factor of about 30.

Future Plans

The capability to include solar radiation and umbra-penumbra effects will be
incorporated into the view factor program. These additions will make the
program suitable for calculating view factors for large spiace structure
thermal analysis.

The new view factor program will be put in the COSHMIC system and will be
incorporated into the SPAR thermal computer program. The program will also be
compared to the TRASYS computer program,

Figure 15(a).
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ANALYSIS OF PRESSURE AND HEATING RATE
DISTRIBUTIONS ON A THERPALLY BOWED TPS PANEL

Geerge C, Olsen
Aerothermal Loads Branch
Extension 3168

RTOP 506-53-53

Research Objectives

Metallic TPS panels bowed by thermal gradients induced by aerothermal heating
disrupt the original wmoldline of a hypersonic vehicle, In the past
bowed-surface/flow-field interactions have been inferred from the results of
2-D flow over a wavy wall, This approach ignores the third dimension and
suppresses many significant flow phenomena such as crossflow, 3-D relief,
and vorticity formation, In an effort to accurately determine all flow
phenomena, ALB has developed a more rigorous analytical model and a parallel
experimental program,

Aggroach

Flow over a dome simulating a thermally bowed TPS panel has been modeled using
a two-boundary mapping technique to generate a numerical grid and a vectorized
MacCormack method algorithm to solve the 3-D Navier-Stokes equalions,
One-half of the dome region was modeled with symmetry planes occurring on the
dome centerline and between adjacent domes. Results from a 2-D boundary layer
analysis of flow ahead of the computational region provided the upstresm input
data., Other boundary values were determined by quadratic extrapolation from
interior points,

Accomplishment Description

Results for Mach 7 flow over domed surfaces 1/2, 1, and 2 boundary layer
thicknesses high have shown that maximum wall heating rates and pressures
increase in an exponential fashion. Between values of zero and one heating
rates increase by a factor of 2.3 and pressures by a factor of 2. Between
values of zero and two they increase by factors of 6.2 and 5.6, respectively.
However, due to corresponding lee-side reductions integrated loads over the
panel do not increase for domed surfaces less than one boundary layer high.
Domes two boundary layers high experience 25 percent increases in loads.
Downstream wakes and vortices indicate following domes will experience much
different conditions than leading domes.

Future Plans

Additional studies will be conducted to determine 1if dome diameter is a
significant paremeter, The effects on downstream domes, both aligned and
staggered, will be investigated, The experimental program will collect data
on small scale models to be tested in the ALB 7-Inch High Temperature Tunnel
and on large scale models to be tested in the ALB 8.Ft. High Temperature
Tunnel, These tests are scheduled for FY 84,

Figure 16(a).
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8' HTT CERAMIC NOZZLE EVALUATION
Carl R, Pearson
John R. Karns
Aerothermal Loads Branch
Extensions 3423 and 2154

1980 CoffF

Research Objective

The operation of the 8' HTT is restricted by the maximum allowable surface
temperature of the metallic nozzle. Longer run times, bigger usable test
core, and longer life could be realized if the present Inconel X nozzle could
be replaced with one of an improved material. The important characteristics
for a.material are operation at 2000°F surface temperature, bulk strength,
surface strength to resist erosion, capable of tolerating large thermal
shocks, long economic life. ’

Approach .

Nozzles using two different ceramic materials have been constructed and tested
in the facility.

Accomplishment Description

Both materials withstood thermal shock and operation at high temperatures but,
due to surface roughness, did not permit decreased boundary flow which would
have enlarged the usable test core. The Resco material had better erosion
properties but lacked the bulk strength for high pressure runs. The silica
material, as fabricated, had sufficient bulk strength but insufficient surface
strength to meet erosion.

The CofF project is being closed out by constructing a nozzle of Nickel 200

which, because of its high ductility, should increase nozzle life by a factor
of 500. This will accomplish one of the three original goals,

Future Plans

Although a fertile field for additional research, no additional work with
ceramic nozzles is planned in the near term because of funding limitations.

Figure 17(a}.
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SECOND MINIMUM NOZZLE INSERT YIELDS UNIFORM
MACH NUMBER REDUCTION

Richard L. Puster
Rerothermal Loads Branch
Extension 3115
RTOP 506-53-63

Research Objective

Currently, the 8' HTT provides flight simulation conditions from Mach 6 to 7
at altitudes of 80 to 130 kft. With its large test section, the 8' HTT can
easily test full scale airframe integrated scramjet engines, missiles, and
other full scale components. However, these engines and missiles operate over
a large Mach number range beginning at approximately 4, Tests are currently
underway- in the 1/12th scale 7" HTT of the 8' HTT to investigate ways of
altering the test section Mach number. The test program supports part of the
FY 85 CofF proposal to expand the test capability of the 8' HTT,

Approach

A simple second minimum insert was placed in the expansion region downstream
of the first throat. Wide ranges of Mach number decrease were easily
achieved, The insert has boundary layer flow bleeds to stabilize the
compression shock wave and to alleviate the strength of the turning shock wave
system at the exit of the insert. e compressicn surface of the insert
generates very strong shock waves and central Mach discs; the reexpansion
after the second supersonic throat heips to attencate this shock wave--Hach
disc system. In addition. the exit pressure of the boundary bleed is much
higher than nozzle static pressure and thus creates a Jlarge region of
separated flow (solid area downstream of insert) that gradually turns the
expanding exit flow from the insert.

Accomplishment Description

Various inserts have been tested with rather interesting results. Hith normal
operational flow parameters, the resulting flow is very non uniform with
variations in Mach number and total pressure of about 20 percent with the
lower values occurring near the flow centerline. However, when large
quantities of coolant air are used (1/3 or more of total nozzle flow) the
resultant flow in the test section is fairly uniform with a Mach number of
4.6. The Mach discs and shock waves cannot be photographed or detected, and
thus must have been attenuated to a great extent by the expanding flow,
Surprisingly, large models can be inserted with no flow unstart. The small
insert could be relatively inexpensive, expand the Mach number capability of
the 8' HTT, and not require extensive modifications to the facility.

Future Plans

It appears that an insert design with good peripheral flow removal at the
insert inlet and strong flow injection at the trailing end may be very
promising for Mach number reduction. However, the complex flow mechanisms are
not completely understood at this time. Tests, development, and analys:s are
continuing.

Figure 18(a).

48



ORIGINAL PAGE jg
OF POOR QuaLiTY

*{9)81 34nbpy

1d3IN03 ¥3XIW - LYOYHL TWna 3123738
40 STV1IA NOISIT NIVLIEO GL SNIANILNOD NOTLYIILSIANI ¢
J18VYNIVLIE0 SY38WNN HOVW ¥3HLO®

"ON HOYW
9 g .
- - ) -
sy JINosans JINOSY¥3dNS
- NOISSIIWOD
LYISN] NIVYL ‘N
Jo 3\ WowiNiw puzy NV NI0HS/y oww
0 4 w A 7 . iy .
J ///.. T Yy
— N MO
g 31ZZON G3¥NOINOD D1¥iIWWASIXy  LNV1009
>O<QZDO®
¢ IW oL
Lu..,\qqo.ﬁ

9P=WOL9=W
NOILINTO3Y H3IGWNNN HIVIN WHOAINAD SGIANA LYISNI 31ZZON WAWINIAN GNOI3S

49



e

I

[

LA

g

g

d

3

i

¥

g

1 33¥d§

ORIGINAL PAGE (3
OF POOR QUALITY

Cm e

N

1836

GILYE33ILN0 TVRILAO

50



LITY

ORICINAL Fauk 12
OF POOR QUA

e s AT SN % T S 3 e o 1

*0Z s4nbi4

NOITIVZIHILAO GNY SISATVEY AYVNINJIOSIQILINW

Gy~ :
A9070004134 SRI1dKYS 1SN € gt
N (314TH43A = V0T
vva' LhoI4 G Z-HW ot ez | oo
ET— e
G173
HIYYISIH TWILLINOIHL W INIHYanNd
| 9NIA 1dINS GYVRYO4
A9077000H13W " -SAS *HAnI1d11I0Y SISIHINAS TO¥INDI IATLOY
A3A08dK1 & TS ST041N0)
*140 J1ITHIA $S4 SISIHINAS I/ JATLOV
NI G3LVE93LNT 37V < & o
. L wmmmhumzmmWAQ_hdsx FSISATVNY DY
NOILONAd FTINIS SSISATVAY I/v
3 3
$173r0Yd SNOILYLIS 30¥dS SIS "SYNNILAY 39¥v1  :3JMdS
JUROIIVN U B[] e ¢
JAN30Y SHIN LH0dSHYYL SNOTLYIITddV
ONT09HD ANy iy
STSIHIHAS Y04 3 NOTIVZIWIL1dO
$300) any 14V4339V4S 3 IV 404 NGILYZINILAO ANYNITAIISIQILIRH
ADDTIOUOHL3W | MOTIVZIWILdO G3IT4IND] G- T PR
RN w j X NGILYZIHILd0 1Y)
- L
AN L7
SISATVIY SISATYRY TVURLIRYLS/TYHYINL I1vyoIinL 28
1N31D1443 yod \ - a g BrZer | i
$3003 awy 04 “TVHNLINYLS “TWHYIHL SISKTYNY 1N310¥4 g31H3INN0
A9071000H1 34 N =¥ : N91S30
KN SINBINKIAL SISATVRY JLVHIXONddY
. U
SIS a31234X3| 98 A4 S8 Ad b8 Ad €8 Ad 28 A SINITIISIA
HYId SY3A

51



oan

s

o

*1SS j0 3soddns asnoy-ui
40 yo®l 03 °8np pajRULWJD]
Adom sbuim d3Lsodwod
‘sbuim [ejaw JO) 9331dwo)

*9391dwo)

ORIGINAL PAGE IS
OF POOR QUALITY

* 939 dwo)
*933tdwod J33IN{s 3 L3038
(£8.,A4 1 @3s) paLnpayssay

*3n0 paydayd sisfieue d13e3S
¢padojarsp wi4 pue ubLsag

*pajnpayssay

SALviS

*{e)12 anbL4

*aledodie
40 uolaeziwiado patyLun
e pJemoj do3s jueopgiubis y

cwpsboud uor3onpodd “abenbue}
|oAa~ybLy °pasn A{apim

e UL 3jqelieap uoL3rziwildo
(edn3onJas asodund jeJdauan

cweJbodd

uotjonpoud €abenbue| [8Ad|
-ybry pasn A|apim uL djgelLBAR
R31pigeded quaipedb |edausy

*ubisap
mMau Joy sisAieue Bupjead)

1SJtJ paRaJdd
eq 03 pey ubissp [RLn3dNJIS

*paleaJd uaag
sey €judlsixauou Aysnoraadd
‘ubLsap (ednionJgls apqeldeaddy

*1sdli4 pajeadd
8q 03 pey ubisap |ean3ondis

JONVIIAINIIS

(28/2) paisjdwod sbum
3|qLxaly A4an orled-3dadse-mo| JO
Burdojiey oL3se|a0480 JO§ poylaw y

*(18/01) Pola|dwod T¥3 Ul S$SSOUd

£9-€£-609

(28/6) T¥3 ul $S3435 pue €s32.04
¢saJdniedadwal ‘siudwade|dsip dlLiels
JoJ sisAieue juaipedb dojsaag

(28/6) spaau J4931qJo 01 JuduliJad
swedbodd Jagndwod SASSI utb 23eJbajul

*(28/¢)
aaoge Joj [9pow {ewJayy dofansq

*(28/1) anoqe
J0j |apow juswald-ajjuts dolaisg

*(28/1) uly
di3bulm yaim Ja31QIQ 3{3InyS ddeds
Joj Buiaued otweulpodae do|arlq

£9~€5-90G

SINIWHSITAHOIIV/SINOLSATIH dOLY

SINIWHSI TdWOIIV/SINOLSITIN 28,44

NOILVZIWILAO QNV SISATYNY AYYNITJIOSIQILTAK

52



Lo

gy

ORIGINAL PAGE IS
OF POOR QUALITY

(€8,A4 *4
835) *aLnpayss uo. juedy

(€8,Ad4 ‘7 a3s)
cubisap jedoute 2y3 buibueyd

03 anp syjuow 9 pafejag

“£8,A0 KOS 403
pasodoud Jaded e *pajapdwo)

(€8,Ad4 “Q 29s)
* [euotjouny weuboud 84021 Yy

(€8,Akd 7 @9s) °paisey butaq
$OLIeWayIew |RLJOJRULGWOD UD
paseq poyjauw 8yl JO JUBLJIRA Y

*paja| duo)

(€8,A4 °L @3s) *T-Myy 30 XL 03
uaaLb f3idorud 03 enp pauodisod

SNLVLS

*(q)12 a4nbiry

*uorinjos e aq yubuu poyjaw

Siyf *9)eds 854°| B U0 uoL3IRZ
-twijdo adeys |ednion.i3s Joj Mou
UOLIN{0S BALI0844D OU St adayy

*waysAs buiJssuibus ue se
3jedadie 30 uoiieziwijdo patjrun
J0J 1dddu0d ® JO u0L3edls

-UOWSp LIS |[BLJISNPUL ISULY

*swalqoJdgns Japjews Jo 13s ®
ojul walqoud uoijeziwiido abuey
e Jo uorjtsodwodsp peasodoudd

Yyl JO UOLIRJISUCUBD ASJdL4

esweJdboud jo A31dLJdeA

SpIM ® J0) djqejieAse ag

03 wedboud uorieziwiido papus
-uddo pue Jeinpow 3SJij Ul

*UOL3N|0S B 48110 Aew SLuji
*aleds asbue| e uc uoijeziuwyido
Dlweudp |BJNIONJIIS JOJ MOU
UOL3IN|0S BAL1I40 OU S JayY

*doo| uoLjeJajL 8uo Ul

BupyJom sdaindwpd Je|LWLSSLP
0M] JO UoLjBJISUOWSP 3SJdL4

*qJ0ddns weaboud 3s93 ubitd

JONVIIHINDIS

*(28/6) poyjzeu
uotaieziwyldo adeys {pdnyondis

€1-9¢-60S

*(28/6)
pajajdwod jyse} uotieziwiirdo Buim
JUBLOLI40 ANy 3yl jo aseyd 3sJtd

*(28/9)
uorjeziwiido jeJdnionJgis up psisay
poyjew uoL3eziwl3do |9AdLLYLNY

*(z28/9) =adfr030ad
Jazwi3do Jepnpow asodund jeJausn

*(28/5) sotweukp Joy pazdope
poY3aWw uop3eZiwL3do [BRp-|RWldd

*(28/¢) pa3uswnd0p SON Pue IWI¥d uo

waisks uotjeziwirido palngLlasty’

*(28/v) 2-Miv
40 sisAieue d13e3s pue drweulg

€9-£€~509

SINIWHS I TdW0IIV/SINOLSTTIR dOLY

SINIWHSI TdWOIIV/SINOLSITIW 28,44

Pl

el

¢l

Il

01

*ON

53



(£8,A4 €D 99s)
*A31ytqeasut buppusq buisn
wopaaJy Apog Jo uoiltuiyag

*2861 *3des pajaldwod &q o]

*(s3s93 ybiyy Butdnp
pajepdn ag 03 wa3sAs) 939{dwo)

*pasedaud
sdaded aduaLdHU0D OM]  *3no
paydayd pue padoiaArap aJnpadddd

*1861 ©JOQUIAON
pajuawnI0p pue 933, dwod NJOM

*2861 “3snbny
Jaded 3dudLIB4U0D ul paUBWNOOP
pue pado}aasp aunpadodd

*2861 Ltudy ‘9122-dD VYSYN
*1861 G- *AON PL3 32udJ434u0)

*dl YSyN pue Jaded asuadajuod
Ui pajudwWN0p Spoyjsw paroJdug
*18/G1/01 Pa3RLILUL JuRJY

*18/€/11 Jaded @duadajuod
UL paRIUBWNIOP SIUBWIAOJdWY
dVdS *Aemaapun 3deJ3U0)

SALYLS

*(2)12 aunbry

*MS4 40 A3L{iqeisur
O1352(30J82 0 {0J4IU0)

*ufLSePp JOIDBJIUGD B1BA|RAJ
*wedsboud 15yg 40 3Joddng

“HI-MYY LSYQ uo paisay
b1y 8q 03 $54 0 spoyjaw
jewy3do bursn ubissp asnoy uj

°sisfAieue [ewdsyl Joy
330fed (eijusjod sey csoiweudp
Joy enbpuyoey sisdjeue [njas

*yotieanduwod
JO0322A BuULsSn awil uoL3INiOS ui
uot3onpaJ bBuirssasse Jog peq 3591

cubisep {etjusnbas 03
aALjelaJ SBulARS ssew {e13udl04

*$30uRApR 3S330|
30 9bueydJajuL Aawi] SOPLAOJ

*340J42800dS pue SI|D!Yy3A
AJjudss Jo uoLrileziwpjdo 4oy
f£3r11qedes parousdwi spLAaodd |1LM

*34eJd23dc2ds pue
S1S J04 1003 (eoLifjeue A3y
Bulwodrsg Jozheue |PWJIBYL YYdS

JONVII4INDIS

*{28/%) MS4 031 uoiledsdde
10J3u0d 3AL3dR 30 uoplebiysarul

*(28/2) sme| {0J3u0d
BALIOR 2-MYY 1SVQ 40 sisAjeuy

*(28/1) 1-muv 1iSva
J0j wa3sAs uoissazddns Jayngs
MaU B JO SiSA|eue puR SiSayuAis

€9-€£-505

*{28/5) stiskjeue |ewudyl
JudLsuRJy Joj anbruydsy siseq
-paonpad 0 juaudcoisasp 2a33{dwo)

*(28/¢) €02 u3MAD uo JdZkeue
|eWday3 pazLJdoldsAa joltd a1apdwo)
{28/1)

Sdl pue 3J4NITNJS O uoi3eZiwildo
snoat'e}|nWES JO S3LJaUdq djedisuowsg

*3ye7 3B Japsuedl jeay
[BJINIONJIS UO DIUDIBHU0D JONPUOY

*(18/11)

uoLjeziwr3do [BJINIONJLS [RWJAYY JOJ

(eX33°H) NSPIAA UM JuedD 93RL3LU]

*(18/11) Sauswaroddul
dvdS Juswajdwi 03 30eJ43U0D BIBLILU]

£5-£5-909

SINIWHSITAWOJIV/SINOLSITIN dOLY

SINIWHSI TdW0OIOV/SINOLSTTIN 28444

£

2l

1¢

0¢

61

81

{1

91

St

54



: *wesbosd
SHYP 30 2sed sg eade JaAusg
up pa3anpucd s3ybsls uAd(3

*snje3s Jybily uL JJEIDJLY

(£8,A4 “A 28s) *a3aidwod
uoL3e|[e3SUL UOLQIDS JIBIUI)

*1593 uotjerabajut
uo uoysgdep butpuad AJ4sAiieg

*femsapun uorle|jelsul
juawdinba Aseifixny

(€8,A4 A 93S) °£8,AD Jajdenb
asJdiy 939jdwod 03 pajdadxa MON

*3ubis
ISJ44 JOJ ApRad YI-MYY LSYC

*sash|eue JaInL4
Uy pajedodsodut s3insay

(g8,A4 1L @0S)
*ubpssp T-Myy 03 anp pake(ag

*sanier Jenbuts xpajew buisn
swo3sAs dooyt3inw Joj suibdew
aseyd pue uteb jo uopien{ea3

SOLYLS

*{p}12 8unbij

T HoUBRGIND
arsaydsowie jo sSiusipeds
asysueds uo elep epLADSd

*s3ybiis Buypdwes
Jos Apead 14eJIJLR PaluUUWNJIsSU]

*3$93 |auuny puLM Joj Apead Buiy

syopjezJEL| LRy U2
U0L3BL [BISUL JO§ APBAJ WIISAS

*uoLje|e3sul jusudinba
Adep|Lxne Joy ajqeiieae Buiy

*K6ojopoyaw ubisep §54 L0 uoilen
~|eAd pa|lR3sp JOy djgeiieAe BlRQ

*5s4
MBU JO uOL3EN|RAD YLl (BLILU]

*|OpoW [BJNIINIIS JO UOLIBDLLLJBA

*Sswa3sAs {0J4IUO0D aaL3oe atdiy|nu
J04 ABojopoylaw S$iSsyjufs
Me| (043u0D jo ausudojarsg

*swasAs doolLynu
40 ubLsSap 8yl uL SBN|EA
Jegnburs xtJajew jo uotjediddy

JONVIIJINIIS
SINIWHSITdWOIIV/SINOLSITIN 28,44

“(18/01) sbustdues 3uStys uibsg

*{18/6) 8i5-g uo
swooG di3 bulpn|out uoLlR{{EISUL
wa1sAs uoLeusWNJIISUL 238{dwo)

*{z8/6)
93121 dwod uoL3RIUBWNILSUL Z-FYY

*{28/%)
AJdAL|op wa3sSAsS [0JIUND BALLOY

*(18/11) ®391dwod
Alquasse {BJNIONIIS Z~MYV

*(28/6) (dy1-muy)
saybi}4 juswssasse §S4 93sdwo)

+(28/%) AJepunog Ji0-wa}sAs
aA0Qe 03 uor3eJado §S4 a3epiieA

“(18/21)
YI-MY¥Y 30 1A9 dn-y{e 9}a{duo)

£5-££-50S

*(28/6) Z-M¥Y LSYQ
JOJ SMB] (0J3u0d 30 uoileziwizd)

(28/8) swaishs [0J3u0D
ALIOR [RUOLIOUNSLILNW JOS
KBojopuyiaw SLSAYIUAS JSBPJIO-#0T

SINIWHSITdWOIIY/SINOLSITIN dOLY

et

|33

0t

62

8¢

e

9¢

14

¥

“ON

55



DAST ARH-IR FSS PERFORMANCE

J. R. Newsom
Multidisciplinary Analysis and Optimization Branch
: Extension 3169

RTOP 505-33-53

Research Objective

In preparation for renewed flight testing of CAST (Drones for Aerodynamic and
Structural Testing) ARM-1 (the first research wing of the program, now
designated ARW-1R), a new flutter suppression system has been designed at the
LaRC. The system will provide an increase in flutter speed of 10 percent over
that of the passive wing. The objective of this research is to validate the
analysis and synthesis methods used to design active control systems.

Approach

The flutter suppression system to be flight tested on DAST ARW-1R was designed
using synthesis methods developed at LaRC. Optimal control techniques were
used to design the preseat system., The design objective of increasing the
flutter speed by 10 percent while maintaining satisfactory gain and phase
margins has been achievad., TYThe control law performance margins are attained
by gain scheduling as a fuaction of dynamic pressure.

Accomplishment Description

Analytical results showing the performance of the symmetric flutter
suppression system at an altitude of 13,000 feet 1is presented in the
accompanying figure. AU this altitude, the predicted passive flutter speed is
approximately M = 0.85. MWith the flutter suppression system turned on, a
significant increase in flutter mode damping and a decrease in flutter
frequency is indicated. At this altitude, the aircraft is flutter free to
speeds above the 10 percent requirement,

Futire Plans

The TlutTer suppression system has been implemented aboard the DAST ARM-1IR
flight vehicle, A1l ground checkouts of the system have been successfully
compteted, Flight flutter testing is to resume in the first quart-r of CY
1983. Fliynt measurements of system performance will be compared with
analytical results in order to validate synthesis and analysis methods. It is
anticipated that the 10 percent increase in flutter speed will be demonstratod
during the second quarter of CY 1983.

Figure 22(a).
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IMPLEMENTATION OF STATIC AND DYNAMIC STRUCTURAL SENSITIVITY CALCULATIONS

Charles J, Camarda
Multidisciplinary Analysis and Optimization Branch
Extension 3843
RT0P 506-53-53

Research Qbjective

The objective of this research is to develop the capability to calculate
sensitivity derivatives of displacements, stresses, vibration modes and
frequencies, and buckling modes and loads with respect to design parameters
for finite-element-modeled structures.

Approach

Methods for calculating structural sensitivities: (1) finite difference, (2)
analytical, and {3) semianalytical were implemented in Engineering Analysis
Language (EAL) finite-element aralysis program. Runstreams were developed to
calcutate structural sensitivities with respect to structural design
parameters such as area, thickness, moment of inertia, etc. An analytical
method for calculating dynamic structural sensitivities denoted WNelson's
Method was also implemented.

Accomplishment Description

Comparisons of CPU time, degree of programing difficulty, accuracy, and
generality were made for three sample problems: a swept wing, a box beam, and
a stiffened cylinder with a cutout (see figure). The swept wing results for
aufov indicate that the semianalytical method can reduce the CPU time of the
finite-difference method by 40 percent, Using the LSK Processor, which
enables the selection of appropriate submatrices of the K matrix, the CPU time
can be reduced by 77 percent, making it competitive with the analyticail
method. Linear design variable linking was used in the box beam problem and
results from finite difference and a combination of analytical and
semianalytical methods is shown. In the combined method, the calculation of
derivatives was done analytically for all membrane elements and was done
semianalytically for all bending elements, The savings in CPU time are not as
dramatic as the swept wing problem because of the logic involved in the
linking and the smaller size (nine design variables) of the box beam problem,
Derivatives of displacements, stresses, and vibration modes and frequencies
were calculated for a stiffened cylinder with a cutout as shown in the
figure. Prasad's method was used to calculate stress derivatives and Nelson's
method was used to calculate dynamic sensitivities. Nelson's method reduces
CPU time by 55 percent over the finite-difference method.

Future Plans

The accomplishments to date are being documented 1in a proposed NASA TP.
Incorporation of a generalized design variable linking algorithm is presently
underway. The addition of shape and material design variable derivatives is
also planned for future incorporation.

Figure 23(a).
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DAST ARW-1R GROUND VIBRATION TEST

C. V. Eckstrom
Multidisciplinary Analysis and Optimization Branch
Extension 2012

RTOP 505-33-43

Research Objective

The major objectives of DAST are to compare experimental results with
prediction, For the first aeroelastic research wing, ARW-1, accuracy of the
flutter predictions are dependent on a valid structural model. The objective
of the all-up ground vibration test {GVYT) with the instrumented research wing
mated to the flight vehicle is to provide the final information relating to
wing structural characteristics prior to flight.

Approach

The development of the analytical structural medel! is an iterative process,
with updating whenever additional experimental data acre available. The GVT
was performed using a shaker driven by a random noise signal where all
frequencies are excited simultaneously in lieu of sinuseidal excitation
through a range of frequencies. The all-up DAST ARW-1R (rebuilt) GV¥T was
performed in April 1982. Results from this test in the form of frequencies
and mode shapes provided data for final updating of the analyticel structural
model a&nd final flutter analyses subsequently performed. Before the first
flight test and between flight tests, the frequencies of the wing are checked
with wing excitation via the calibrated hammer technique.

Accomplishment Description

The accompanying photograph was taken during the test series., The table in
the lower right portion of the figure gives freijuency values predicted prior
to the test in the second column from the left and the measured frequencies in
the third column from the left. As a results of this test, the analytical
structural model was adjusted and the resulting trequencies are given in the
column at the right. The adjustment was made in the glove region where the
wing is attached to the fuselage.

Future Plans

In the flight tests, wing loads will be measured via surface pressure
measurements and calibrated strain gage bridges. The measured and predicted
flutter boundaries will be compared as well as variation of the frequencies of
the dominant modes with dynamic pressure. One of the ultimate objectives of
the program is to evaluate the accuracy and adequacy of the derived analytical
structural model,

Figure 24(a).
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MULTILEVEL OPTIMIZATION

Jaroslaw Sobieski
Multidisciplinary Analysis and Optimization Branch
Extension 3451
RTOP 505-33-53

Research Objective

The objective is to develop an optimization methodology for an engineering
system which is too large to be optimized as one optimization problem,

Approach

A large -system is decomposed for optimization purposes into its component
parts (subsystems). arranged into a pyramid-like hierarchy which may include
several levels. Each subsystem at a given level represents several
subordinated subsystems at the levels below. Interactions between the levels
are formulated mathematically to preserve the physical couplings that occur in
the assembled system. An optimum solution for each subsystem is then found
independently and a coordination problem {s solved to account for the
interactions, The procedure 1is repeated iteratively until the optimum
solutions at all levels converge, When the system being designed is an
aircraft, the typical subsystems are: (1) aerodynamic shape envelope; (2)
airframe; (3) propulsion, etc.

Accomplishment Description

A mathematical formulation for the entire procedure has been developed. To
test its convergence and overall computational performance, it was adapted to
structural optimization. In this application, the decomposition concept leads
directly to analysis by substructuring. A framework structure (figure b) was
selected as a test case and several numerical results were obtained, The
results showed that the proposed method converged to the solution comparable
with the reference results obtained without decomposition (figure c). Ho
convergence problems were experienced. The positive test results may be
interpreted as an indication that the method should also be effective in its
general form which is applicable to engineering systems in which structure is
only one of many subsystems.

Future Plans

The procedure will be tested for structures other than frameworks, and
subsequently will be evaluated for engineering systems such as aircraft. The
approach will be tested on an example of a passenger transport aircraft of the
L-1011 class (figure d) as a joint venture with the Lockheed-California
Aircraft Co. and with participation of the Lockheed-Georgia Aircraft Co. The
Langley group will carry out the optimization by means of the proposed method
while the Lockheed-California group will use their state-of-the-art touls.
The starting design will be common and the optimum designs will be compared tu
evaluate the proposed method against the state of the art. The FY 1983 plan
calls for reconciliation of the analysis results and one pass through the
structural optimization part of the eatire task.

Figure 25(a).
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IMPROVED METHOD FOR TWO-DIMEMSIONAL UNSTEADRY TRANSONIC FLOW ANALYSIS {XTRAM2L)
Robert M. Bennett, David A. Seidel, and Voocdrow Whitlow, Jr.
Unsteady Aerodynamics Rranch

Extension 2661
RTOP 505-33-53

Research Objective

The objective of this research s to improve the accuracy and utility of
finite difference computer proarams for unsteady transonic aerodynamic calcu-
lations and flutter analysis.

Approach

Several important modifications and additions have been {mplemented in a tran-
sonic finite-difference computer code. Included are an additional unsteady
term in the differentisl eauation, a new treatment of the far field houndavy
conditions, improvement of the transonic algorithm, and development of an
improved distribution of points of the finite difference grid,

Accomplishment Doscription

The program LTRANZ2-NLR was lim{ted to Yow reduced frequencies and sensitive to
flow conditions. The ¢¢t term in the complete differential equation was
added to the code, allowing accurate calculations for all frequencies. A
monotone differencina scheme in the transonic algorithm was {ncorporated which
considerably extended the Mach number and ancle of attack vange of the
program. Nonreflecting boundary conditions were added which allowed a
reduction of the extent of the grid and thus reduced computer costs. In
addition a new finite difference arid was developed that considerably enbanced
the accuracy of the results by eliminatinu spurious oscillations 1s the
unsteady loads. The proaram with these modeling improvements s called
XTRAN2L. A key factor in developina and assessina the improvements was the
implementation of a pulse-transfer function techniaue hased on fast Fourier
transforms to obtain unsteady airload frequency response functions from a
sinale transient calculation. This provides airloads for all frecuencies of
interest with a sionificant computational savinos. Comparisons with exact
linear theory results for a flat plate airfoil permits ranid assessment of
accuracy of the parameters, such as the arid, beina investiqated.

The figqure aives a sketch of the influence of the arid and nonreflectina boun-
dary conditions. The improved code XTRANZL is more robust, more accurate, and
reduces the computer costs hy 33%. ‘

Future Plans

These technicues and ‘improvements will be implemented in the 3-0 transonic
code XTRAN3S and in a full potential code that is under development. The
improvements demonstrated in the 2-D calculations are of oareat significance

for 3-D aercelastic analysis capability since they enable practical transonic
flutter analysis.

Fiaure 29(a).
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EXPERIMENTAL ANGLE-OF-ATTACK-SENSITIVE FLUTTER STUDIEDN MITH
MODIFIED STRIP ANALYSIS

E. Carson Yates, Jdr., Eleanor C. Wynne, Unsteady Aerodynamics Branch and
Moses G, Farmer, Configquration Aeroelasticity Branch
Extension 2661

RTOP 505-33-53

Research Obiective. - The objective of this experimental and analytical study
1s to measure the effects of angle-of-attack on the transonic flutter charac-
teristics of a supercritical wina and to investiaate the phenomenoloaical
aspects of the observed behavior by use of modified strip analysis.

Approach. - Flutter data for the TF-8A supercritical wing were measured in the
|UE for integer values of wing-root angle-of-attack a hetween (° and 30,
Since adeauate thecries for 3D unsteady transonic flow have not yet heen
developed and verified, flutter calculations corresponding to tha test
conditions bhave been made by the modified strip analysis which reauires as
input spanwise distributions of section 1lift-curve slope and aerodynamic
center. These aerodynamic parameters were ohtained from pressure
distributions measured in the 8-Foot Transonic Pressure Tunnel with a model
that was qeometrically similar to hut much stiffer than the flutter model.

Accomplishmant Description. - Measured flutter houndaries, in terms of
tlutter-speed index Vi as a function of Mach number M, show a transonic dip
of conventional shape for a = 00. For nonzero anales—of-attack, however,
the measured boundaries curve downward and backward in & menner similar %o
that observed in supercritical-wina flutter tests at MLR Amsterdam. This un-
conventional behavior appears to be caused by two factors: (2) viscous effects
at low Reynolds number, and (b} static aercelsstic deformation of the flutter
model. Decreasing dynamic pressure and hence Reynolds nuwber causes houndary-
layer tuickenino accompanied by changes in shack location., Decreasina dynamic
pressure also decreases aeroelastic washout and hence increases section angles
of attack., Flutter calculations for values of the mass ratio p which bracket
the experimental values are slightly conservative but in cood aareement with
the experimental boundary at a« = 00, At nonzero anoles of attack, the cal-
culations do not show the backward turn hut indicate instead a double dip
similar to that observed in some earlfer tests in TDT and in sunercritical
wina flutter tests recently completed at NLR. It is believed that the
backward turn was not calculated because (a} the aerodynamic data available
for use in the flutter calculations were obtained at Reynolds numhers wmuch
hioher than tvhose for the flutter tests; and (b) the aerodynamic model was two
orders of magnitude stiffer than the flutter model and hence did not deform
nearly as much as the flutter wmodel. Thus, the disagreement hetween the
calculated and experimental results at a = 20 is attributed at least in part
to differences in mean shape between aerodynamic and flutter models.

Future Plans., - Mpdified-strip-analysis flutter calculations will be made for
The DAST ARW-2 wing in conjunction with pressure-measurement and flutter tests
to be conducted in the TDT., A 3-D transonic code will be used to cenerate the
required aerodynamic parameters for a deformed shape thet is consistent with
the flutter dynamic pressure so that static aercelastic deformation will be
anpropriately represented.

Figure 30(a).
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EXPERIMENTAL AHD CALCULATED EFFECTS OF ANGLE-OF -ATTACK
UPON TRANSONIC FLUTTER

John W, Edwards Unsteady Aerodynamics Branch
and
Moses G, Farmer Confiouration Aeroelasticity Branch
Extension 2661

RTOP 505-33-53
Research Ohjective. - The objective of this study 1s to gain understanding of

the Transonic TTutter mechanism for supercritical airfoils, particularly their
behavior as a function of anale-of-attack.

Approach. - Flutter tests of the TF-BA supercritical wing in the TOT have
investigated the effect of root anale-of-attack, ag, upon flutter. Near the
design Mach rnumber of 0,98, the flutter boundary, shown on the left of the
fiqure as flutter speed index versus Mach number, was found to curl hackwards
for anales-of-attack above zero. This curlback occurs for a rance of Mach
numbers of 0.95 to 1.0. The bottom of the transonic dip could not he
determined for ag = 20 because of the difficulty ‘n reducing tunne?
pressures to lower values. Since classical unsteady acredyranic €ietter
solutions do not predict this novel behavior, an analytica: =tedy .as
conducted to see if a recently developed transonic finite-differente oonpingy
code would exhibit the phenomenon. Flutter. boundaries of two-di- . onal
airfoils were calculated using the small perturbation theory HYTRANZ? code for
a range of Mach numbers and angies-of-attack, a. The airfoil studied was the
supercritical ¥72 A-3,

Bccomplishment Description. - The sketch figure shows a two-dimencional
afrfoil section mounted on a pitch spring. This simple model s analooous to
th2 effect of washout of anale-of-attack at the tip of a loaded wina. The
static nosedown pitching moment, c¢p, twists the section from 1its ‘“root"
angle-of-attack, ag, to a smaller angle, a. The amount of twist s
nroportional to the total moment ant thus to dynamic pressure. VWhen the
flutter speed index is plotted versus Mach numher for a = 0 and 1 dea., @
significant transonic dip is seen but there is no evidence of the curl back
seen in the TF-8A resylts. When the effect of static twistina is included and
the boundary plotted for "root" anales, ap, @ curl back develops between 2
and 4 degrees. The curl back is due to the static twisting of the airfoi)
under the combined influences of Mach number and dynamic pressure. Since the
flutter speed index is proportional to the sauare root of dynamic pressure,
the nosedown twist anale, a-agp, decreases as the flutter speed index de-
" creases. The resulting higher angles, «, near the hottom of the transonic dip
induce transonic effects which produce the curl back of the flutter houndary.

Future Plans. - Continued analysis with the HYTRANZ code will be conducted to
understand how structural parameters and airfoil shape influence the flutter
boundaries of 20 airfoils. Flutter analyses of the DAST APW-2 wipno will be
performed using both a modified strip theory program and the recentlv devel-
oped XTRAN3S finite-difference progaram., Also, the riaht wing panel of the
ARW-Z will be tested in the TDT in order %o obtain unsteady pressure measure-
ments on an aeroelastic wina and to investigate by subcritical testina the
possibility of anale-of-attack sensitive flutter durina the flight test
proaranm.

Fiaure 31fa).

74



OR!GINAL. PAGE IS
OF POCR QUALITY

*(q)1€ aunbiy

JIGWNN HOYW e JIGWNN HOWYW

X3ANI
(EREN
3N

J
D <3
N
<=3
od N
SNOILYINJTVY ¢-V 49w SINFWIMNSVIW V8-41

SL03443 MOVLLY-20 J19NY
CIUASVYIIN LIGIHXT SNOILYINDTYD HILLNTL a2 DINOSNYHL

75



TRANSONIC PRESSURE DISTRIBUTIONS MEASURED ON A RECTANGULAR
SUPERCRITICAL WING OSCILLATING IN PITCH

Rodney H. Ricketts and Judith J. Watson
Configuration Aercelasticity Branch
and
Maynard C. Sandford and David A, Seidel
Unsteady Aerodynamics Branch
Extension 2661

RTOP 505-33-53

Research Dhiective

The objective of this research is to obtain steady and unsteady transonic
pressure data for aidina in the development and early assessment of new
analytical computer codes such as XTRAN3S,

Approach

A rectanaular wing model havine a 12 percent supercriticsal zirfoil section and a
panel aspect ratio of two was tested in the Lanoley Traisonic Dynamics Tunrel
{TDT) in both freon and air. The model was attached to an electrohydraulic
rotary actuator which was used to pitch the model both statically (at anales of
attack up to 13 dea) and dynamically {at freocuencies up to 20 Hz). In the
attached figure the model 1s shown in the TDT mounted with » spiitter plate to
divert the tumnel wall boundary Yayer. The model was constructed with an
aluminum center box and lightweiaht Kevlar composite leading and trailing edaes
to minimize the model pitch inertia while maximizine the wmodel stiffness.
Instrumentation included 123 pressure transducers, 8 accelerometers, and. an
angle-of-attack potentiometer. The transducers that measured nressures over the
aluminum portion of the wina were wounted in the wing surface (in situ). The
transducers thst measured pressures over the Kevlar portions of the wina were
mounted within the wing structure and connected to orifices in the wino surface
via tubing of matched lenaths {(Dutch matched-tubina method).

Accomplishment Description

Steady and unsteady pressures were measured for a larce number of model and
tunnel conditions in the TDT using freon as the test medium. This is vividly
shown in the attached fioure which has the wina total 1ift coefficient piotted
against Mach number for a ranage of angles of attack. For the open symbols, only
steady pressure data were acauired. For the closerd symhols, hnth steady and
unsteady data were acauired. The unsteady data were weasured with the wing
oscillating at freouencies of 5, 10, 15, and 20 Hz,

Future Plans
To assess the accuracy and efficiency of the new transonic computer code

XTRAN3S, analyses will be rmade with the code to calculate steady and unsteady
pressure distributions for comparison with selected data measured in the tunnel.

Figure 32(a).
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UNSTEADY PRESSURES MEASURED ON A CLIPPED DELTA HWING PROVIDE DATA
FOR TRAMCONIC CODE VALIDATION

R. W. Hess and E. €. Vynne, Unsteady Aerodynamics Branch
and
F. W. Cazier, Jr., Confiquration Aeroelasticity Branch
Extension 2661 '
RTOP 505-33-53

Research Objective

The objective of the proaram is to provide an unsteady pressure dats base for
validating transonic computer codes and to contribute to the understanding of
complex transonic flow phenomena.

Approach

An instrumented clipped delta wina with a six percent circular arc airfoil and
a trailing edge control surface was constructed. Data was obtained for the
wing oscillatine in pitch and for control surface oscillations for wing mean
angles-of-attack of up te six dearees.

Accomplishment Description

Static and oscillating pressures were measured over a rance of Mach numbers
from 0.4 to 1.12 in the TDT in Freon at a Reynolds numher of 10 million. Some
1200 total cdata points were measured during the test. Data sets were taken at
each test Mach number at which the mean angle-of-attack and the freauency of
the wing pitch oscillations were varied as well as the amplitude and freguency
‘of the trailing edge control surface. For steady angles-of-atiack less than 3
degrees, the measured static pressure distributions for both wino a2t angie of
attack and control surface deflections are in cood aoreement with calculations
from a transonic small disturbance code, = At angles-of-attack areater than 3
degrees, the formation of a leading edge vortex was observed. Good agreement
is shown bhetween experimental and calculated pressure at 2 deorees and the
disaagreement due to the leading edge vortex at 4 degrees. OQver the center
portion of the chord Cp/deoree is about 0.1. On the right side of the
figure the unsteady pressure maanitude is shown for oscillations in pitch of
0.5 deorees about these mean angles. The presence of the shack at 70% chord
and the leading edoe vortex for the 4 dearee data are evident. Over the
center portion of the chord [Cpf/dea.-oscillation is about 0.1, Transonic
unsteady aerodynamic codes capahle of treating highly swept and tapered
three-dimensional winags such as this wino will he avaiiahle in the near
future., This data set will be of primary importance in validating such codes.

Future Plans

The data will be presented in two reports; one dealing primarily with the
unsteady vortex aenerated pressure at M = 0.4; and another presentine the
transonic results from M = 0.88 to M = 0.96. There are plans to use the wing
for an additional test tc measure static and unsteadv pressures induced on the
wing by an oscillating canard. The canard has been fabricated of carbon-epoxy
skin spars and ribs and is nearly complete.

Figure 33{a).
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VERTICAL TAIL OF NEW SUPERSONIC CRUISE FIGHTER AIRPLANE (F-16E)
SHOWN FREE FROM TRANSONIC FLUTTER

Charles L. Ruhlin and Judith J, Watson
Confiquration Aeroelasticity Branch
Extension 2661

RTOP 505-43-33

Research Ohjective

A new supersonic cruise version of the F-16 fighter airplane, desiconated the
F-16E (formerly F-16XL or SCAMP), is beino developed hy the General Dynamics/
Ft. Worth Division. It features an advanced technoloay wing that offers
sianificantly improved aercdynamic performance over the opresent F-16
airplane. This wing has a cranked arrow-wina planform with hiahly vefined
camber and twist distributions, and uses liohtweiaht araphite composites for
the main wing skin structure. Two existino F-16 airplanes are bheina modified
to an F-168E configuration for early fliaht demonstration purposes, with first
flight scheduled for mid-1982. The modifications include replacing the nres-
ent F-16 wing with the new F-16E wina, lenothening of the fuselace by 1,42 m
(56 inches), and removina the horizontal tail (the F-16E will be controlled
Tongitudinally by wing elevons). These F-16E aifrplanes will use the same
basic vertical tail as the HNorwegian F-16 airplane, which has a drag-chute
pod, but with rudder and rudder actuator stiffened slightly.

Approach

As part of the flutter clearance for these F-16f airplanes, a serles of
transonic flutter tests of 1/4-size mdels will be made in the Transonic
Dynamics Tunnel (TDT). Critical tests to demonstrate the flutter clearance of
the F-16F vertical tail configuration {the first tests in the series) were
recently concluded. The attached ficure shows the tested configquration and in
the insert, a side view of the vertical tail model. The purpose of these
tests was to determine if the aerodvnamic flow associated with the new
arrow-wing could affect the flutter of the wvertical tail sufficiently to
reduce the flutter margin of safety reauired for fliaht. The model fuselace
was mounted to a stina that extended forward into the simulated enqine exhaust
duct. The vertical tail model closely represented the dynamic characteristics
of the full-scale article, but the model winas and fuselaae were samewhat
overstiff. Another feature of this model that had sorme influence on the
dynamics and aerodynamics of the vertical tail is the drag-chute pod, whose
trailing-edae fairina is located at the hase of the tail.

Accomplishment Description

The TOT flutter tests indicated that the vertical tail was free from flutter
up to speeds areater than 20 percent above the Timit fliacht speed envelope.

Future Plans

No additional work 1is planned, but as the F-16€ airplane development pragram
evolves there may be recuirements for additional tests.

Fiaure 37(a).
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NEW F-16E FIGHTER CONFIGURATIONS FLUTTER CLEARED IN TOT
FOR FLIGHT DEMOMSTRATION TESTS

Judith J. Hatson and Charles L. Ruhlin
Conficuration Aeroelasticity Branch
Extension 2661

RTOP 505-43-33

Research Objective

The objective of this test in the lLangley Transonic Dynamics Tunnel (TDT) was
to provide experimental flutter data to support the flight-demonstration tests
of the new F-16E fighter airplane. This support was requested by the U. S.
Air Force in preparation for fiight tests scheduled to start during the
summer of 1982,

Approach

The 1/4 size, complete-airplane, dynamically scaled flutter model of the F-16E
used in the present test was built by the General Dynamics/Ft. Horth
Division. This wodel was mounted on a two-cable support system in the TDT and
tested over a scaled range of Mach numbers and dynamic pressures that provided
at least a 20% flutter maroin of safety. Two views of the model in the TDT
are shown on the attached figure. The configurations tested were the primary
flight-test airplane configurations and included different combinations of
underslung external ordnance types which werge indicated by anaiysis to be the
most susceptible to flutter.

Accomplishment Description

Fourteen different wing-store configurations, as well as the baseline airplane
flight configuration, were shown to exceed the flutter margin of safety up to
a maximum test Mach number of 1.10, The model properties compared favorably
to the scaled mass and stiffnesses of the airplane, but final adequacy of the
vibration characteristics of the model remain to be proven by comparison with
the measured data from the ground vibration test (GYT) of the airplane sched-
uled for June 1982. These wind-tunnel test results provided confidence in the
analytical flutter prediction techniques and allowed a significant reduction
in the number of expensive flight flutter and ground vibration test hours.

Future Plans

This was the second of three planned TOT entries in support of the F-16E flut-
ter design development. The third TDT entry is scheduled for February 1983 to
flutter-clear additional store configurations and, if needed, to confirm
previously cleared configurations with the model updated v more closely match
the airplane vibration characteristics measured in the GVT.

Figqure 38(a).
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F-16 FLUTTER SUPPRESSION SYSTEMS EVALUATED IN TDT TESTS

F. W. Cazier, Jr.
Configuration Aerocelasticity Branch
Extension 2661

RTOP 505-43-33

Research Objective

Modern fianter aircraft carry many types and combinations of external
wingmounted stores. It is hiohly probable that the carriage of some of these
stores will result in flutter speeds which are well within the desired
operational envelope of the aircraft. One approach to avofding a restricted
envelope is the use of an active control system to suppress the wing/store
flutter. An active control system operates by sensing wing or store motion
with suitable transducers and feeding back these sionals through appropriate
control laws to drive control surfaces. Properly driven, the control surfaces
provide aerodynamic forces and dampina to suppress flutter.

Approach

Recently, the F-16 flutter model with an ctive Flutter Suppression System
(FSS) was tested in the TOT in a doint USAF/NASA test. In the fioure the
1/4-scale F-16 that was tested is shown {installed on the cable mount system.
Flutter results were obtained for two stores confiaurations, one having a
symmetric flutter mode and one having an antisymmetric flutter mode,
Initially, the flutter boundaries of the F-16 with stores and no FSS were
determined, and an appropriate control law was develaoped for each
configuration. Then the effectiveness of the active control systems in
increasing the flutter speeds was determined.

Accomplishment Description

Three siagnificant achievements were obtained during tests of the antisymmetric
flutter suppression system which was developed for the stores confiauration
with the antisymmetric flutter mode. First, with the FSS encaaed, the model
was tested at conditions well above the unauomented flutter boundary without
encounterina - flutter. While no attempt was made to determine a maximum
increase in velocity or dynamic pressure obtainable, increases 1in dynamic
pressure in excess of 100 percent at M = 0,8 were demonstrated for
antisymmetric flutter. A 45-percent 1increase 1in dynamic pressure at Mach
number 0.95 was demonstrated for the symmetric case. Second, the model was
flown at the same test conditions ahove the flutter boundary with the control
surface disabled on one wing, simulating a failed actuator. Althouch the
damping was reduced, indicatina that stability marains were less for this
failed actuator case, the original control law was still effective in
preventing flutter up to fliaht conditions tested for the fully effective
actuator case. Third, freauency response methods were used to estimate FSS
gain and phase marains for the basic system. These estimated marains were
verified experimentally by dindependently changina the control law until
flutter occurred. In qeneral, the gain and phase marains exceeded the desired
+6 DB gain margin and +4b degrees phase maroin,

Future Plans
This work is complete.

Figure 39(al.
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DIGITAL ACTIVE FLUTTER SUPPRESSION SYSTEMS
DEMONSTRATED IMN TDT TESTS

Moses G. Farmer and Judith J. Watson
Configuration Aerocelasticity Branch
Extension 2661
RTOP's 505-43-33 and 505-33-53

Research Ohjective

Fiahter aircraft are reouired to carry a large variety of external wing-
mounted stores. Some store confiourations cause reductions in flutter speed,
and, as a consequence, nlace restrictions on the aircraft's operating
envelope. To avoid such restrictions, considerable resear:h by NASA, the Afr
Force, and industry has aone into the development and wind-tunnel testina of
methods of active flutter suppression. The basic approach is to sense motion
of the wing usina several accelerometers, send the accelerometer sianals to a
computer which implements a control law, and then feed the control law output
to one or more hydraulically-actuated control surfaces which move to provide
aerodynamic damping to suppress flutter.

Aggroach

As part of a NASA/AFWAL cooperative research proaram on wing/store flutter
suppression, tests were conducted in the Lanoley Transonic Dynamics Tunnel
(TDT). The test bed was the same Northrop-huilt YF-17 model used in previous
TDT entries. This semi-span model s shown in the attached figure. For this
study, control 1laws that previously have been implemented using an anziog
computer were implemented with a digital computer. This was done hecause on
aircraft it is desirable to use the more versatile existing dicital computers.

Atcomp1ishment Description

Flutter results were obtained at a constant Mach number. These data show how
damping in the flutter mode decreased as dynamic pressure was increased for
the cases of inactive flutter suppression system {open loop) and closed loop
with the same control law implemented first by an analoa computer and then by
a digital computer. Flutter occurs when the dampino decreases to zero. It
can be seen that the dioital data agree very well with the analog data and
that in both cases the projected flutter dynamic pressure is about twice the
value projected for the open loop condition. An additional achievement of
this most recent test was the development of a method for capturing a tip
missile when it was ejected from the model. It can he seen that two steel
cables were threaded through the tip missile--one at each end. Each cahle was
attached to the ceilinag and floor of the test section. When the missile was
ejected, it sl1id down the cables to shock absorbers which prevented the
wmissile from striking the floor. This ejection/capture system was developed
for use in follow-on tests of adaptive flutter suppression systems,

Future Plans

This study was the first phase of a two phase study of diaital/adaptive active
flutter suppression., Both phases are now complete.

Figure 40(a).
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AN ADAPTIVE DIGITAL ACTIVE FLUTTER SUPPRESSION SYSTEM
DEMONSTRATED IN TDT TESTS

Moses G. Farmer
Confiquration Aeroelasticity Branch
Extension 2661

RTOP 505-43-33

Research Objective: The objective was to perform the first experimental
demonstration of the concept of adaptive flutter suppression. This concept
will be very useful when active flutter suppressicn is applied to fighter
aircraft for which sudden changes in configuration occur when stores are
Taunched or ejected.

Apprcach: The most recent test in a series of NASA/AFWAL cooperative research
programs on wina/store flutter was conducted in the TOT during April 1982.
The test bed was the same Northrop-built YF-17 model used in previous TDT
entries. Nonadaptive flutter suppression has been studied in previous tests
using first analoa and then digital computers. The basic approach is to sense
motion of the wing using several accelerometers, send the accelerometer
signals to a computer on which a specific control law is proorammed, and then
feed the control law output to one or more hydraulically actuated control
surfaces which move to provide aerodynamic damping to suppress flutter. The
concept of adsptive flutter suppression requires that the response of the wing
be continuously monitored to determine its stability. When the approach to an
instability is determined from analysis of the response data, the computer
generates a control law to provide the needed stability. As the wing response
changes, either slowiy because of changes in Mach number and dynamic pressure
or rapidly because of ejecting an external <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>